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ABSTRACT

This thesis presents several interactive computer programs for the analysis of
multivariate data. A special case is that of panel data; multiple time serics of short
length. The first program, BOXPLOTAB, handles this type of multivariate data; it is
an enhancement on an existing graphical technique for exploratory data analysis
known as BOXPLOTS. The program works by appending boxplots as column dividers
in a table of the raw data which originates the box plots. This combination of the raw
data and the graphical representation of that data improves the understanding of the
characteristics of the data in exploratory and descriptive applications; differencing and '

tracing of data through the table is also implemented. This thesis also presents and

explores the use of other graphical techniques for exploratory data analysis of }
multivariate data such as STAR plots, PROFILE plots, CODED SCATTER plots and |
CODED DRAFTSMAN plots. These techniques are examined and implemented in a

series of computer programs which produces these graphical displays. A technical

description of cach computer program is presented and user implementation procedurcs
are discussed. The programs are implemented in APL and run in conjunction with the
experimental IBM APL Graphics program GRAFSTAT. To demonstrate the usc of
these techniques, an aralysis is conducted on several sets of multivariate data.
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THESIS DISCLAIMER

The reader is cautioned that computer programs developed in this research may
not have been exercised for all cases of interest. While every effort has been made,
within the time available, to ensure that the programs are free of computational and

logic errors, they cannot be considered validated. Any application of these programs

without additional verification is at the risk of the user.
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I. INTRODUCTION

A. PREFACE

One of the main problems in experimental statistics and experimental design is
the exploratory analysis of raw data. This problem is greatly enlarged when the data
presented to the statistician comes from unknown multiple populations or so called
multivariate data. A special case is that of panecl data; multiple time series of short
length. The initial purpose of the data analysis is to try to capture the most important
distributional characteristics of the data such as the range, location and spread of the
data points. For the experimental statistician the main tool available for the analysis of
the data is the graphical displav of the marginal distributions of the data in order to
visualize and gain better understanding of these characteristics and to compare them
against those of the different populations. Following this, interactions or dependencics

can be examined, and this is the domain of multivariate data analvsis.

B. PURPOSE

The purpose of this thesis is twofold: ﬁrsf, to add to the tabular display of the
original multivariate data an existing graphical technique known as the BOXPLOT (sce
[Ref. 1] ). This addition can be done in scveral alternating ways and is done in order to
better understand the populations and the relations between the different populations.
The second purpose of the thesis is to make available different computer programs to
cxploit scveral other enhanced statistical graphical techniques for multivariate data
analysis. These techniques are: STAR plots, PROTILE plots, CODED SCATTLER
plots and CODED DRAFTSMAN plots.

C. BACKGROUND

Presently, the BOXPLOT technique is onc of the most common graphical
techniques used by data analysts, both outside and at the Naval Postgraduated School
(NPS). There are different software packages that provide these plots, some of which
arc in the cxperimental IBM APL GRASTAT program and some in the [BM
Mainframe NONIMSI. hbrary.

Onc of the most important hmitations of this graphical displav technique is the

absence of the raw duta in the display; this absence 16 ¢ntical m the special case of

10
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multiple box plots for the comparison of multiple sets of data. This would provide an

inmediate identification of peculiar characteristics of the data, such as pin-pointing the
outliers and the variability and/or relation of a sample datum with respect to other
samples. Once the BOXPLOTS arc displayed on the screen (or printed on a graph), the
analyst has to go back to the original raw data in order to identifv these data points.
This limitation is overcome by the new technique presented herein, which is called the
BOXPLOTTED TABLES. This technique has already been implemented, and can be
used in the NPS IBM 3033 computer using an APL (A Programming Language )
program, which make use of the graphical capabilities of the IBM experimental
GRAFSTAT soltware package. In GRAFSTAT, an interactive technique for
wdentifving odd or outlying points is given. This implementation highlights the
importance of a technique for data point identification. However, one does not alwavs
have access to such a program and the ability to do this identification on a printed
page is important to a data analyst. The BOXPLOTTED TABLES do precisely this,
Note too that a primary concern in multivariate data analysis is to get as much
information on a two dimensional page as possible. Thus having tabular and
distributional data together on one page, as in the BOXPLOTTED TABLES, is a step
in this direction.

There are other graphical techniques commonly used by data analysts such as :
SCATTER plots, STAR plots, PROFILE plots, CODED SCATTER plots and
CODLED DRAFTSMAN plots (sece [Refl 1] ). These techniques are mainly used to
cnhance the interpretation and understanding of displayed multivariated data. Out of
these, the DRAFTSMAN and SCATTER plot techniques (without coded svmbols) are
the only ones available at NPS up to this point. These other techniques are used to
display the data points in many different forms, giving a new perspective to the
interpretation of the original data.

This thesis present a group of APL functions that will make possible the use of
these graphical techniques to the experimental statistician at the NPS. Various
examples that show how to usc this software to analyze and graphically display sample

data will be shown in the following chapters of this thesis.

D.  ORGANIZATION
This thesis consists of three main blocks. The first one, Chapter Two, is dedicated

to cexplain the technical aspects of these graphical techniques; the mathematical and

1
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statistical attributes of each technique are treated in this chapter. The second block is

intended to introduce the user to the APL sc“™ware codec used to implement these
techniques. In Chapter Three, both the user and system requirements are explained;
and for the more technical oriented rcader, a listing of the APL code is listed in
Appendix A. In addition, several examples of program exccution arc listed in
Appendix B. The last block, composed of Chapter Four and Appendix C, is dedicated

to the exploratory analysis of several sets of sample data to demonstrate some of the

potential applications of these graphical approaches to statistical analysis.
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II. GRAPHICAL TECHNIQUES

A. BOXPLOTTED TABLES
1. Overview

The BOXPLOT graphical technique was first conceived by Tukey as a method
to display an almost one-dimensional summary of the distribution characteristics of a
set of data, Chambers [Ref. 1] provides an exccllent analysis of this technique. This
display shows some of the most prominent characteristics of the sumple distribution
such as the median, mean, the inter-quartile range and the outliers, if there arc any. In
the casc where the sample comes from multivaniate data, the BOXPLOT is used not
only to show the individual characteristics of cach subsample, but, in addition, to
comparc the bchavior of these characteristics with respect to other samples (see
[Ref. I: p. 89] ). Figure 2.1 shows a BOXPLOT display. The BOXPLOT's almost
one-dimensional character, as opposed to the two-dimensional character of the fumiliar
histogram, facilitates comparison of the marginal properties of multivariate data sets.

One of the limitations of the BOXPLOT is that of the identification of specific
values of interest such as outliers; if the identification of the outlicrs is the prominent
feature, the statistician must make reference to the original data in order to identify
which data point the outlicr correspond to.

A solution to this limitation, suggested by Professor P.A.W. Lewis in an
unpublished work, is to show the original data and the BOXPLOT in the same
graphical tabular display. In this case, the BOXPLOTS are shown as dividers of the
original tabulated data, so that aberrations arc readily apparent and checkable (sce
Figurc 2.2). This technique clearly requires the availability of high resolution graphics
and a sophisticated plotting and data manipulation package. This requircment is met
by the experimental APL GRAFSTAT program from IBM Rescarch which is being
used at the NPS on a test bed basis.

2. Technical details of BOXPLOTTED tables

In the BOXPLOT the top and bottom of the rectangle represent the upper
and lower quartile of the data respectively. Therefore, the length of the rectangle
represent the inter-quartile range ( Q(.75) - Q(.25) = IQR ), where Q(a), for O<au <1

is the a-quantile of the sample. The mean of the data sample is shown by a small
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circle, and the median by an asterisk inside the rectangle. The solid lines going out

s a s S E

from the top and bottom of the rectangle represent the adjacerit values. These values
are defined as those data points greater or equal than Q(.75) and less or cqual than

Q(.75) + IQR for the upper line, and those values less or equal Q(.25) and greater or

ST A

equal than Q(.25) - IQR for the bottom line. Those data points that {all in the range of
- [(Q(.25) - IQR) , (Q(.25) - IQR*1.5)] or [(Q(.75) + IQR), (Q(.75) + IQR*1.5)] arc
called outliers and arc represented by small light circles. The data points that fall
beyond the ranges of these outliers are called extreme outliers and are represented by
v, small black circles. As an example, for normally distributed data, approximately S
- percent of the points should be outliers and marked with light circles and only about
0.5 percent should be extreme outlicrs (see [Ref. 2] ).
- To obtain a BOXPLOTTED table, a tabular display of the data is added to
the BOXPLOT display. At the bottom of each column the estimates for the mean,
P median, variance and the rank correlation between that column and the next column to

the right are listed. The estimators for these parameters are defined as follows :

Let Xij be the entry in the i"h row and jth column, and let n be the number of
- values in cach column. Then
. Mean; = X; = Y X;; / . (2.1)

The Median is defined as follows. Let MID]- be n/2 if n is even, and the largest
N integer smaller than n/2 if n is odd. Then
2 Median; = x*j(.\nDj), if n is 0dd, or (2.2)
)
b

Median; = x"’j(MIDj) + X*j(MIDj+ 1) /2 (2.3)

h

if n is even, where X i represents the ]t column sorted in descending order. The

estimator for the variance is

Variance; = ¥ X;; - ?(j ¥/ (n-1). (2.4)
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Finally, the Spearman’s p (RHO) Rank Corrclation coefficient is defined as
follows: let X; and Y; be two sets of data, and let [R(X;)] and [R(Y;)] be the ranks of
X; and Y; as compared to the others X and Y values respectively, for i=1,2,..,n.
R(Xi) = 11if Xi is the smallest of Xl,Xz,...,Xn, and R(Xi) =21 Xi 1s the second
smallest, and so on, with rank n being assigned to the largest of the X;- The same
applies for R(Y;). When assigning the ranks, if a tie is found (when two or more
sample values are exactly equal to each other, they are tied), assign to each tied value
the average of the ranks that would have been assigned if there had becn no ties (sce
[Ref. 3: p. 252] ). Then the estimator is

p; = THR(X) - (n+ 1)/2R(Y) - (n+ /2] / [(n(n? - 1))/12], (2.5)

if there are no ties in the data. If there are ties in the data, then the estimator is

P = YiR(XPR(Y,) - n((n+1)/2)?

[TiR(X)? - n((n+ 12172 [S{R(Y)? - n((n+ 1)2)3'72.

(2.6)

Once the BOXPLOTTED tables for the original data are obtained, it is then
possible to join with lines, values with the same rank (order in magnitude) within their
corresponding columns. The statistician may select to use this technique when it is
desirable to study any possible relation with respect to time among variables (as in the
casc of multiple short time serics), or with respect to magnitudes (as in the case of data
with mixed qualitative and quantitative information).

If the data arc ordered (in descending order on the first column), then the
outlicr in the first boxplot corresponds to the first value in the table. However, this
ordering may be lost in the second column, so that it is not clear that an outlier in the
sccond boxplot corresponds to the first value in the second column and so forth. Thus
if a linc is drawn linking the largest value in cach column, two extremec results are
informative. If the line is straight (or aliost straight), it means that the outliers in
successive columns come from the same source. If the line wanders, then there is no
structural rclationship along columns (or time, if one considers panel data). As an
example, the study of health care expenses is a good prototype of multiple short time
scries analysis.
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In Figure 2.2 one could draw a line joining the highest or lowest expenses
through time and see to which hospitals they belong. The reader could now make
reference to Figure 2.3. In this figure one could see the transition of health care cost
for the most and lcast expensive health service arcas in California through the period
of 1971 to 1975. A plot with the connections is shown in Figure 4.2.

In addition to this option, the user can display the differences between the
values of the columns. These differences could be relative to the first column (basc
column) or with respect to the previous onc. When the statistician is dealing with panel
data, it is desirable to study the trend of relative (or absolute) rate of change in the
data points. Again, in the analysis of health care expenses, one may want to study the
rclative (or absolute) rate of change in this cost through a given period. In Figure 2.4,
it 1s possible to infer that the relative change of health care cxpenses is not lincar
within the period of study. This inference would be enhanced by a plot of differences,
as is done in Chapter [our. It is also possible to readily identify those health services
areas that had the extremcs rates of change. An analysis of this data is presented in

Chapter Four.

B. STAR PLOTS
1. Overview

In working with multivariate data, one of the key problems is how to
represent more than two variables (dimensions) in a single display. There are several
graphical approaches to decal with this problem, as mentioned in Chambers [Refl 1],
Four of these techniques are treated in this thesis : STAR plots, PROVILE plots,
CODED SCATTER plots and CODED DRAFTSMAN plots.

In the STAR plot cach subpopulation is displayed by a star in which cach arc
(or ray) represents a variable of interest. The value of cach variable is coded by the
length of the corresponding arc; to avoid overlapping between arcs, these are portrayed
symmetrically about the origin. This can be scen in Figure 2.5 and IFigure 2.6, in which
some characteristics of automobile data are displayed (a complete description of the
data is presented in Chapter 'our). In Figure 2.5, twelve variables of interest are
assigned to the rays of the star (i.c., price, length, ctc.). In Figure 2.6, the same
representation is used to portray the same information but for scveral automobile
subpopulations (modecls). It is now casy to graphically compare these characteristics

(by the corresponding length of cach ray) among the different subpopulations (models).
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.‘:3'. 2. Technical details of STAR plots

4_\ There are two essential features in the construction of the STAR plot; the

A lengths of the rays and the angle between the rays. As stated in the last scction, the

™~ valuc of the variables are represented by the length of the rays; thercfore, these values )
_,: should be non-negative and be represented using a similar scale. This is accomplished

, by initially rescaling the value of the variables using the following formula :

= x'ij = [( 1-¢)( X - min; ) / ( Max; - min; )] + ¢, (2.7
where ¢ is a constant and is usually given a value of zero; and X;; represents the ith
L -, observation of the jth variable. The coeflicients hlinj and Maxj represent the minimum

._ and maximum value of the jth variable respectively. Once the rescaling of the variables

is performed, the angle between the rays must be determined. The first variable

-‘,-’_'..- (variables are enumcrated in increasing order) is plotted on the horizontal axis at an

angle of zero degrees. Then the jth angle between the remaining variables is calculated

_- using the following formula :

NN

:3_;3'. o =2 (j-1)/n, (2.8)

where n represents the number of variables (parameters), and j is the jth variable. The

\ rays are then enumerated from 2 to n and displayed counterclockwise. Finally, the siar )
.:::: is constructed by joining the end points of the n rays. The end point of cach ray is

N calculated by the following formula :

N3 Pi = (XjjReoso, X} Rsinw), (2.9)
f_':.
;" where j = 1,2,..., nth variable, and R is the maximum allowable radius of the star.
b C. PROFILE PLOTS

;-:E: I. Overview
A The PROFILLE technique is similar in nature to the STAR plot, the only |
. 5 difference is that in the PROFILE plot the rays arc displayed by cquidistant vertical

t lines arising from a common horizontal axis. In fact, as stated in Chambers [Ref. 1: p. )
:',:_: 159], the STAR plots are actually PROIFILL plots conceived in polar coordinates. In
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the PROFILE plots, the valucs of the variables are used to control the length of the
ends of the connected line scgments (sec I'igure 2.7 and Figure 2.8).

One of the possible advantages of the PROI'ILE plots over the STAR plots is
that in the former it is possible to represent variables with negative values. Since in the
PROFILE plots all value-vectors are displayed with respect to a horizontal axis, it 1s
then easy to show variables with negative values. The base line, the horizontal axis, is
used to represent zero and negative values are displayed by lines dipping below this
line. In the STAR plots this is not possible.

2. Technical details of PROFILE plots

In the PROFILE plot the rescaling is performed using the same formula as for
the STAR plot. Ncgative values of the variables are allowed bv using the f{ollowing
rescaling formula:

X 1] = ( Xl] / \lax] )

D. CODED SCATTER PLOTS
1. Overview

The CODED SCATTER plot is an enhancement of the most commonly used

technique namely a SCATTER plot for two variables. Using this coding technique it 1s

possible to represent more than two variable (dimensions) in the same display.
Different symbols, and sizes and colors of these symbols, are used to represent three or
higher dimensional data. The size and color of the symbols could be used to control
different ranges of data values.
2. Technical details of CODED SCATTER plot

The CODED SCATTLER plot uses essentially the same plotting technique as
the usual SCATTLER plot; only coded symbols, sizes and colors are added. This is in
line with the nced to represent as many dimensions as possible from a multivariate data
sct on a two dimensional graph. Thus, in a CODLED SCATTLER plot the position of
the points in the graphical plane arc represented by the (X,Y) values of the two
variables. Then, if X is the niles per gallon variable in a data set and Y is the price of
the car, plotting Y vs X shows how gas consumption increasces or decreases with
increasing cost of a car, or that there is a much more complex relationship between the

two variables, or that there is even no relationship at all. However, there arc other
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variables or factors involved in the relationship. These may be either continuous,
discrete or categorical factors. An example of the first is the weight of the car, an
example of the second is the number of cylinders in the car. A categorical factor is

origin, t.e. Whether the car is domestically produced or not.

USA = A, FOREIGN = F AND WEIGHT = SIZE OF LETTER

o—
- 1eUSA ® 2500 LB, a3
142500 < USA ¢ 3000 LB, At
b= r r
A 343000 € USA € 3300 8. A1
42USA > 3500 L. A
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st -
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(&) A
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[Figure 2.9 CODLED SCATTER Plot of the Automobile Data.
(Price vs M.P.G. City).

Figure 2.9 shows a CODED SCATTER PLOT of the car price variable, X,
versus the miles per gallon variable, Y. The best way to code the origin of the car is by
using colors; however, duc to reproduction problem, this has been encoded as symbol
type. The weight of the car 1s coded as the size of the symbol. In Figure 2.9, one can
sce that increasing price gives [ower m.p.g., although the rclationship is far from lincar.
The other factor is weight; weight clearly increases with price, also m.p.g decrecases with
weight. Again, referring to the categorical variable, origin, American cars cost more
than foreign cars, weigh more and get less mileage, although there is interaction and
overlap between all of these variables. There are also a few outliers. The very high
milcage, low cost, and light weight car is the VW Rabbit (Diescl) and the very heavy,

low mileage, and high cost car is the Cadillac Seville.
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E. CODED DRAFTSMAN PLOTS
1. Overview

The DRAFTSMAN plot 1s an arrangement of SCATTER plots in which any
adjacent pair of plots have a common axis (see [Ref. 1@ p. 145] ). In this way, the
practitioner can observe the relationships of the variables within a specific plot and, in
addition, can fcll v any particular observation (or group of observation) through the
sequence of plots. Therefore, the analysis of multiple interactions among the variables
is possible. This DRAFTSMAN plot can further be enhanced by portraying onc or
several additional variables by the assignment of symbols, sizes of the syvmbols, and
colors to the already displaved variables. This is the main idea behind the CODED
DRAFTSMAN plot, in which the techniques used in both DRAFTSMAN and
CODED SCATTLER plots arc combined to display a single plot.

2. Technical details of CODED DRAFTSMAN plot

The CODED DRALFTSMAN plot, as mentioned carlier, can be seen as a
displayed array of several CODED SCATTLER plots. In certain situations the
SCATTER plots may be deceiving due to the overlapping of data points. This situation
may require to jirter one or more variables in order to alleviate this problem. Also, the
practitioner may want to transform the data in order to achieve a simple and more
understandable picture and in this way facilitate the analysis of the rclationships
among the variables (sce [Ref. 4] ). Another technique used by statisticians to reduce
the spread in the data, and to enhance the visuul interpretation of the plots 1s to
smooth the data , relving on the Moving Averages technique or the Locally Weighted
Regression (LOWESS) fc: this purpose. For further explanation about these two
techniques sce Moran [Ref. 5]. These techniques (jitzer, transformation, and smoothing),
are included in the CODED DRAFTSMAN program presented in this thesis, and they

can be invoked interactively.




P W
.

., Sy . ag g _— wy
28 AN A At St A S AN A N e g e S i et e bl el e 4 P i e B i h -Regs Ty

IHI. COMPUTER PROGRANMS : USER INSTRUCTIONS AND
TECHNICAL DESCRIPTION

A.  GENERAL

This chapter provides detailed instruction on how to use the computer programs
prescnted in this thesis. These programs were written in APL and are designed to be
used in conjunction with the experimental IBM graphical software GRAFSTAT. All
these programs are interactive and all user defined parameters and options sclections
are entered in response to program queries. Although no APL skills are required to
operate these programs, it is recommended that the user becomes familiar with APL
svstem commands and procedures to load and copy workspaces, groups and variables,
and to understand the meaning of workspace, variables, groups and vectors in the APL
terminologyv. The user should read VS APL AT NPS , [Refl 6] before attempting to use
these programs. [or the experienced APL user it will be easy to maxe changes to these
programs in order to accommodate any additional requirement.

These programs were designed to be used on the IBM 3033 computer and to be
exccuted using an IBM 3277 TEK 618, 3278,3279 or 3179G2 graphic display ternunals
using a memory capacity of at least 2 Megabytes.

All of these programs are contained within an APL workspace called
APLGRATS, and arc organized in different groups of [unctions (each group contain
those functions refated to a specific program application). The reader can find a list of
Groups and the content of cach group of functions in Appendix A2. In order to make
usc of these programs, the user must have access to this workspace and to the APL
workspace called GRAFSTAT.

There arc two wayvs ol exccuting these programs. The first one is descnbed in the
following steps :

1) LOGOXN to the syvstem.
) Oncein CMS, enter APLGST.
) At the prompt CLEAR WS, type YLOAD GRAISTAT.

)y [nter ) PCOPY API.GRALS groupname, where groupname is onc of the groups
listed in Appendix A2

e I

N

n
~—

Enter the name of the desired program to be exceuted (1., STARPLOT ) and
then answer the querics.

The sccond mode 15 more user-friendly. The steps that must be followed arc :

1) LOGON to the system.

CA R




2) Once in CMS, tvpe APLGRAFS, (this will cause the execution of the macro
APLGRAFS EXEC), then you will see a menu describing all the available
programs (sce Figure 3.1 ).

3) After you enter the number corresponding to the selected program, you only
have fo follow the instructions given on the screen (this macro will execute
steps 2), 3), and 4) of the previous list for you).

FILE: MENU NENU Al

YOU HAVE THE FOLLOWING PROGRAMS TO USE

{1) STAR AND PROFILE PLOTS

{2) BOX PLOTTED TABLES

(5) SYMBOLIC SCATTER PLOTS

(4) DRAFTSMAN DISPLAY

(5) LCOKESS

(6) EXPLANATION ON THESE FUNCTIONS
7y QuIT

TYPE THE NUMBER CCRRESPONDING TO THE PROGRAM YOU WANT

Figure 3.1 Menu Presented by APLGRATS EXEC.

B. PROGRAM DESCRIPTION

In order to use any of these programs, the user will need a matrix containing the
sample data. This matrix could be in a CMS file, or could be a character array in an
APL workspace. The programs will accept the data in cither way; just fcllow the
instructions given by the program as to the location of the data set. In addition, the
user will nced an APL two-dimensional character array containing the names of the
variables which will appear in the display. These names are the labels which will be
shown on the axis of the plots or in the rows and columns of the tables as in Figurc
2.2 and 2.4. If the user has not previously created this array, the programs will allow
the user to enter the labels directly in response to a sequential series of queries. At this
point, the user is ready to execute any of the programs.

When answering the querics, if the user enter an erroncous response, the program
will prompt the user to enter the correct responsc only in the casec of a YES or NO
question, a range question (i.c., 3,4, or S plots), if the name of any APL matrix docs
not cxist in the workspuce, ctc.; in all other cases, the program doces not have any

means to know the validity of the response so the program will accept any response as
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a correct one. When using these programs, if the user wants to cancel the execution at
any time during the execution, the user must hit the PA2 key.
1. BOXPLOTTED TABLES

This program is executed by entering the command BOXPLOTAB. Once this
command is entered, the program will start running by prompting the uscr with a
scquence of queries indicating the user to enter the input arrays and to seclect the
different available options (see Appendix Bl, for an example of program execution).

a. Input requirement.

(1) The array containing the sample data, the array containing the names (labels)
of the columns , and the array containing the names (labels} of the rows.

(2)  The title of the display.
b. Options.

(1) The data could be displayed as originally entered or could be displuyed
ordered (sorted) by the first"column,

(2) Once the BOXPLOTTED Tables are shown on the screen , the user will be
prompted as to whether or not he or she wants to join the data points of the
same position with lines. The position 1s given by the order of the data points
of the first column (see Figure 2.3).

(3) After ﬁnishing with the previous displav, the user will be E’romptcd whether or
not he or she wants to sce BOXPLOTTLED TABLLES of the diflerences

between columns; and if 1t is so, whether absolute or rclative differences are
desired. The diflerence could be calculated as follows : dillerence between all
other columns with respect to the first one, or dillerence between adjacent
columns (see Figure 2.4).
2. STAR PLOTS and PROFILE PLOTS
These two programs are cxecuted by entering the command STARPLOT. The
program will start running and the user will be asked to enter the desired function : (S)
for STAR PLOT or (P) for PROFILE PLOT (sce Appendix B2, and B3 for an example
of the exccution of this program).
a. Input Requirements.
(1) Same as for the BOXPLOTTLED TABLLS.
b. Options.
(1)  Whether the whole original data is to be used or just a subsample of the data.
he subsample could "be constructed by selecting specific columns and or
TOWS.

(2)  The user will be asked how many plots per screen are desired. This could be
3,4 or 5 plots per screen.

3. CODED SCATTER PLOT
The exccution and the input requirements of this program are similar to that -
of the STAR PLOT. To exccute the program enter the command SCATPLOT (sce

Appendix B4 for an example of the execution of the program).
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a. Options,

(1)  The user will be asked to enter the title for the screen and the title for each
N plot on the screen.

(2)  For cach plot, the user must enter the column to be used on the X and Y axis,
and whether or not the cntire data or a subsampie ol it is desired.

(3) Another option is to sclect whether the data is to be jittered or if a
transformation of the data (specified by the user) i1s desired.

. (4) Following this option, the user must select the position of cach plot on the .
\ screen (1,21, 22, ..., etc.).

e (5) Finally, the user must specify the symbols, colors and sizes of these svmbols

N that will be used to represeni’an specific subset of the data. If the user selected

one Ylot per screen, the program will ask for a small description for each one
th

- of esc subscts or categorics. These subsets are defined using APL
statements. The user can specify more than one subset in the same plot and
more than one plot per screen (sce Ifigure 2.9).
A 4. CODED DRAFTSMAN PLOTS
<~ This program is executed by entering the command DRAFTSMAN. Once this
o command is entered, the program will start by prompting the user with a sequence of
N queries indicating the usecr to enter the input arrays and to select the different available
< options (sec Appendix BS, for an example of program execution).
S a. Input requirement.
- (1) The array containing the sample data, and the array containing the namics
(labels) of the columns.
o b. Options. .
_ (1) The data could be used as originallv. entcred, or could be jirzered or
transformed. The user must sclect the desired option.
{’-. . .
LN (2) Select whether or not a smoothed curve will be fitted to the data in all plots
-0 on the screen. If the smoothed curve is sclected, the user must ndicate
o whether the Moving Average or LOWLESS technique will be used.
-.$:

" (3) Sclect _between using the, CODED  DRAFTSMAN or the regular
DRAFTSMAN plot. IT the former is sclected, the user must enter an APL
expression, a syvinbol and its size, and the color for cach category to be

N L .\

- represented.
' . . .
(4)  Select the number of Flots desired per screen (the available options are 3,4 or
e 5 rows and columns of plots per screen).
3 (5) Once the display is shown on the scregn,and if the answer to option (2) was
no, the uscr notw has the alternative of fitting a smooth curve to the data of
an specific plot.
N
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IV. DATA ANALYSIS

A. GENERAL

The primary purpose of this chapter is to demonstrate the applications of the six
graphical techniques presented in this thesis, namely BOXPLOTTED tables, STAR
plots, PROFILL plots, CODED SCATTER plots and CODED DRAFTSMAN plots
in the analysis of multivariate data. An attempt is made to highlight diflerent
peculiarities on the sample data that could be found when the practitioner uscs these
techniques; thercfore, a full analysis of the various samples is not envisioned. However,
it will be seen, that in using this techniques one can draw solid conclusions about
certain behavior of the characteristics of the population from which the sampic is

drawn.

B. AN ANALYSIS OF HEALTH CARE EXPENSES

The following type of data represent a good example for which the statistician
can make use of the BOXPLOTTED tables and the PROFILE plots. This 1s a sample
of panel data and represents the health care cost (per capita hospital expenses) of 14
health service arcas through the State of California from the years of 1971 to 1975.
Figure 4.1 is a BOXPLOTTED table which displays the average health carc expenses
of the areas. —

The data was formatted as a two dimensional array of 14 rows and 5 columns.
Each row of the array represents the average health care expenses of a given arca, and
each column corresponds to the average expense for a given year. The data have been
ordered in decreasing order by the first column (year), i.c., the service arca with higher
health care expenses on the first year correspond to the first row and so on. In general,
the boxplots in Figure 4.1 give an initial impression of the distribution of cach
subsample data. Notice that during the first three yecars the tendency of the distribution
is definitely skewed to the right, caused by some possible outliers, indicating that some
service arcas far cxceed the average health carc expenses. However, in the last two
vears the tendency is the opposite, with again the exception of some possible outliers.

The initial impression given by the boxplots could further be cxploited by an

analvsis of the flow of the data in order to study the trend of the mcean health care

costs, the variance of health care cost, and to wdentily the occurrence, or recurrence, of
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possible outliers. Another possible trend that could be study is that of the relative
difference in health carc expenses. One further arca of interest is to study the trend of
the most and less expensives service areas through this period.

The tendency in the average health care cost during this period was expected to
be an increasing one (during this time, among other things, the inflation ratc was
starting to increase very rapidly). This tendency can be seen in Figure 4.1, Notice that
this change is apparently quite lincar up to the year of 1974; in 1975 there is a big
jump in the average cost which probably indicates that, overall, the trend in the
average health expense through this period was not linecar. This same tendency is
present in the variance of health care cost, which scems to confirm the nonlincarity in
the average health care expense during this period. In this figure and in Figure 4.2,
where lines arc used to trace the flow of the 1971 high and low cost areas through
subsequent vears, it is also possible to readily pinpoint those scrvice arcas of extreme

average health care cost (possible outliers, as defined in Chapter 11). Notice that, the

health scrvice arca number 4 is shown as a possible outlier through all years; it is
alwavs at least 2.2¢ {rom the mecan cost. The service arca number 3 has the same
tendency. These two arcas are then the possible cause in the high variation observed in
the health care cost through this period. They actually represent the Los Angeles and
San Francisco metropolitan areas. [n [figure 4.2, one could also follow those scrvice
arcas with lower average cost (these areas are joined by line scgments at the bottom of
the display), it scems that these arcas (number | and 14) had the lowest cost through
this period, with the exception of service arca no. 8 which has the lowest cost in 1971.
One could further follow the trend in the change of health care expense for cach
respective service arca by using the PROIFILE plots. In Figure 4.4 cach onc of the
profile plots portrays the values of each row (health care service arca), and the values
arc ordered by the magnitude of the first column, as in the BOXPLOTTLD tables. The
values of cach column are represented in each profile according to the assignment
given in [Migure 4.3, In Figure 4.4 it is quite casy to identifv the health service arcas
that had the highest and lower health care expenses during this period; as it was seen in
the BOXPLOTTLED tables, these areas are number 4 and 3, and number 1 and 14
respectively. One could also readly pinpoint the arca with more variahilitv in heulth
care cxpenses, in this casc notice that arca number 13 has greater change in health
expenditure than arcas number I, 14 and 4 (this last being the most expensive). Notice
that the highest variation in expenditure in arca number 13 takes place during 1972 and

1973. This fact could also be capture in Figure 4.5 in columns 2 and 3.
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Now one could also reinforce the statement about the nonlinearity in the change
of the health expenditure by looking at the relative difference in this variable through
this period. Figure 4.5 portrays the trend in the relative difference in health expenditure
with respect to the first year of study (1971). In Figure 4.6 onc could sec the some
trend but now with respect to the previous year. IFigure 4.6 definitely shows that the
change in health care expenses has a nonlinear bechavior. It is changing linearly during
the first three years, and then at an accelerated, possible quadratic rate, from then on,
The samc trend scems to be shown in Figure 4.5, this trend is highlighted in the last
column, where the mean of the relative diffcrences jump from 48.91 to 76.50.

In Figures 4.5 and 4.6 it is also possible to identify those services arcas that have
the maximum and minimum relative change. As an example from 1971 to 1972 arca
number 8 had the maximum positive increase and {rom 1972 to 1973 the area with the

maximum positive change was area number 4.

C. AN ANALYSIS OF THE NEW YORK STOCK EXCHANGE
In the previous analysis, the data considered consisted of the same tvpe of

commensurable values; i.¢., dollars through a period of time (one could consider this as
being multiple short time scries data). In contrast with this type of data, the
practitioner can encounter multivariate data that represent different qualitative and
quantitative magnitudes. One example of this type is the data obtained from the stock
markets_in the United States. Iere again, the practitioner can make use of the
BOXPLOTTED tables as a tool for data analysis. The data to bc analyzed was
extracted from the New York Times, representing the most active stocks (measured by
the number of shares traded) in the New York Stock Lxchange for the week ended on
August 8, 1986. The data is initially formatted as a two dimensional array consisting of
40 rows (representing each of the different trading companics) and 6 columns. Lach
column correspond to the following variables.

(1) Volume of shares traded during the week (in 100,000 units).

(2) Closing price at the end of the week (in dollars).

(3) Price change during the week (in percentage).

(4)  Price change during the last 12 months (in percentage).

(5) Earnings per sharc during the last 12 months (in dollars).

(6) Earnings per share during the last 12 months (in percentage).
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Figure 4.7 shows the initial distributional characteristics (in the form of boxplots)
of each subsample data. One of the first visual messages from these plots are the
outliers in cach column. lecre is where the power of this new graphical technique lies:
one can casily identify those possible outliers by looking at the tabular data adjacent to
the boxplots; although this is easier in the first column since the data is ordered in that
column. As an example, looking at the [irst boxplot and the first column, it is easy to
identify Owen Corning and the Mobil Corp. as those companies traded by these two
companies is greater that 2.76 of the average column traded.
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Figure 4.7 40 Most Active Stocks [or the Weck Ended August 8, 1986
(New York Exchange).

Another observation that can be made from this figure is the absence of
statistical corrclation among the variables when these are compared in the order shown
in Figure 4.7. In this casc, the sample scrial rank corrclation arc obtained by
comparing the adjacent columns. Looking at the sample serial rank correlation, one
could conclude that there is no statistical relationship between, as an example, the

volume of shares traded and the price at which the shure closed at the end of the week.
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Figure 4.8 40 Most Active Stocks for the Week Ended August 8,1986

(New York Exchange) with Lines Connecting the Two Higher Stocks.
The only positive indication is a rclationship between percentage change during the last
week (column 4) and percentage change in the last year (column 5). One can visually
confirm this lack of correlation by identifying the maximum and minimum values of
adjacent columns. For example, the Am Motor Co. shows to have the lowest volume
of shares traded during that week but the LTV Corp. had the lowest close price.

Notice that one is not only interested in the stock which is the most active during
the week. One is also interested in which stock has the greatest (absolute or relative)
change in price, and whether this is related to other fuctors like earnings (absolute or
relative). With this 1s mind, it is possible to follow those stocks that have the largest
value i cach of the variables considered in the analysis. Figure 4.8, shows the two
stecks which have this characteristic. These stocks are joined by line segments. It s
casy to sce that the Owens Corning Co. is the stock with the highest volume of shares
traded during the week and also the largest price change (in percentage) during the last
twelve months; also, the IBM Co. has the highest closed price at the end of the week

and has the second largest carnings per share (in dollars) during the last year. Likewise,
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the practitioner could follow the trend of those stocks with the lowest value in each of

the variables considered, or even the mid-point values.
Differences have no meaning here but it is interesting to trace the movement of

the most active stocks (in volume) to other indicators (columns).

D. AN ANALYSIS OF AUTOMOBILE DATA

The purpose of the following analysis is to try to explore some important
descriptive characteristics of diflerent types of automobiles and an attempt is made to
find any relation between these characteristics. As it is shown in this analysis, the
STARPLOTS, the CODED SCATTER plots and the CODED DRAFTSMAN plots
techniques are paramount experimental statistical tools in this type of analysis. It is
appropriate to mention at this time that one other author has previously made usc of
the data treated here and has written an outstanding analvsis (Sce [Refl 4] ). The
purpose here is to demonstrate how one can convey to the sume general conclusion
using these new techniques. The new technique is the enhancement of SCATTER and
DRAFTSMAN plots by coding in other variablcs. |

The data represent three general categories of quantitative and qualitative
characteristics of American and Foreign automobiles of 1979 (the data was obtained
from the Consumer Report Review). These categories are: performance, dimension and
price. The variables under these categorics are as follows.

In category one : mileage in miles per gallon, repair records for 1977 and 1978
(rated on a 3 points scale; S=Dbest and 1= worst), turning diameter (clearance required
to make a U-turn) in {eet, gear ratio for high gear.

In the second category : headroom in inches, weight in pounds, length in inches,
displacement in cubic inches.

And under the last category: price in dollars. This data was initially formatted
into a two dimensional array consisting of 74 rows (namec of automobiles) and 13
columns. Lach column corresponds to each one of the variables mentioned above, and
the last column correspond to an ordinal variable to denote American or Foreign car.
This variable has been added to the original data to demonstrate onc of the many
possible application of the CODED SCATTLER plot and of the CODID
DRAFTSMAN plot introduced in this thesis; as an example, onc can rcadily identily if

a certain deviation from a possible pattern is due to American or Foreign cars.
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STAR Plot of Automobile Data, 10 Lighter and
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As an initial starting point for this analysis, one could study the characteristics of
cach one of the individual automobiles. The STAR plot technique was choosed for this
purpose. Figure 4.9 shows the assignment of the twelve characteristics to the rayvs of
the star. In the study of this type of data, it is interesting to highlight the favorable
characteristics of each automobile. So as in Chambers [Ref. 1] the larger the ray of the
star the more positive that attribute is to the respective automobile. To make price,
turning diameter and gear ratio favorable, these variables were multiplied by -1 (L.e.,
the larger the ray corresponding to price, the less expensive the car is). The star is
arranged in such a way that the statistics corresponding to cost and performance
categories are rising upward and horizontally,  and those rays pointing downwards
correspond to variables closcly related to the dimension of the automobiles. Appendix
C shows the complete STAR Plots for the 74 automobiles.

The array of sturs are ordered by the weight, the first and last stars
corresponding to the lightest and heaviest automobiles respectively.  Figure 4.10
displays a summary of Appendix C, showing the 10 heaviest and 10 lightest
automobiles. The idea behind this arrangement is, as commonly accepted, that weight
is positively correlated to salety. Note the switch between the first (Ionda Civic) and
last (Lincoln Continental). For the first of these all positive values are above the line;
for the latter this is switched. Notc too that the variable of greatest interest to
Consumers Reports, Repair 78, is the vertical ray.

In Figure 4.10, it is casy to sce that nine out of the ten lighter cars, in the top
pancl, arc of foreign make, the cxception being the Ford Iiesta. Also, that the 10
heavier cars arc Americans. From the STAR plot of Tigure 4.10, one could also
compare other characteristics among these automobiles. As an example, in terms of
price variable alone, notice where in this case, that among the 10 heavier cars there arc
4 American cars that arc inexpensive compared with most of the lighter foreign cars
(these American cars are the Mercury Cougar and Cougar XR-7, Buick Electra and, in
lesser way the Oldsmobile 98). Also in terms of repair records (of 1977 and [978), those
American cars among the heavier oncs compare with those foreign cars among the
other group. The information is abundant in these plots. [Towever, when there are
many variables involved in the analysis it is questionable whether the practitioner can
actually capture the behavior of one variable alone or the joint behavior of two or

more variables. As in this case one would like to sce if there is any relation (lincar or

other type) between price and weight or, say, displacement and price (it is diflicult to
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identity any deviation, if it exists, from a possible rclation in the STAR plot). In this

type of situation, once the practitioner has an initial impression of the data, it is now
the time to make use of other exploratory data analysis 'technique, such as CODED
SCATTER plots and CODED DRAFTSMAN plots.

To continue the analysis it was desired to study any possible relation among the
price, mileage per gallon, weight and displacement of the automobiles and to compare
how American cars stand against the Forcign cars. The rclations between these
variables are examined in Figure 4.11 by using a CODED DRAFTSMAN plot. It was
expected to sec positive correlation between displacement and weight. This can casily
be scen in the plot position 2,2 of Figure 4.11. The two possible outliers in plot 2,2 of
Figure 4.11 show that there are two American cars that stand favorably among all
others. They are lighter cars with high displacement. From the figures in Appendix C
these two automobiles were identified as the Chevrolet Chevette and the Buick Opel. In
terms of price, it is also possible to conclude from plot position 3,3 of I'igure 4.11 that
there is a negative relation, as expected, between price and weight. Notice, in the plot
position 2,1 that there scems to be two types of subsamples within the data, onc of
foreign cars and the other of American cars (the foreign cars standing favorably against
the American ones); however, both subpopulations have the same trend, namely, that
weight increases with price. There are a couple of interpretations of this plot, beside the
obvious dichotomy between American and Foreign autos. One is that if you want a
heavy car, you will have to pay more if you also want it forcign made.

An expansion of Figure 4.11 is given by the CODED SCATTER plot, which
have additional variables coded in as symbol type and size. Looking at price versus
m.p.g., in the CODED SCATTLER plot of FFigurc 4.12, one can confirm the idca that
the higher the price of the automobile the less miles per gallon is expected. Notice, that
with this figure, it is possible to analyze four variables at the same time : price and
miles per gallon being the axis and weight and nationality the coded variables. It is
interesting to notice that onc American and one Foreign car tend to deviate from the
norm. The American cars is the Cadillac Seville, with very high price, quite heavy, but
a good relative mileage; the [Foreign, being the V.W. Rubbit (Diescl) is at the opposite
sitc of the spectrum. In the middle of the plot is a medium price, {oreign car with very

good mileage. This is a BMW 3201
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E. AN ANALYSIS OF CONTRACT DATA

The purpose of this analysis is to demonstrate other possible applications of the

o

VoL aa gy

CODED SCATTER plot graphical technique as a tool in the exploratory data analysis.

It is also appropriate to emphasize that the data considered in this section has been
amply analyzed by other authors ( [Ref. 4] ) and again the purpose is only to highlight
the use of this mentioned graphical technique.

The data consisted of 177 contracts (rows), which were authorized by the
Department of Defense during the period of 1949 through 1963. The columns consist
of 11 variables of possible interest to the Department of Defense on how they have
interfaced on a contractual level with the private sector of manufacturers. The data
represent contracts let with 23 major contractors during this period, and includes
information concerning 7 types of manufacturer products, ranging in complexity from
drone aircrafts to missiles and helicopters. The {1 variables are listed below:

(1) Deviation from target cost (percent).
(2)  Months to comply a contract.
(3) Target profit of manufacturer (percent).
(4) Sharing ratio (percent).
(5) Ceiling price (percent of target price).
(6) Target cost.
(7)  Number of items produced in the contract.
(8) Number of contracts lct that vear.
(9)  Year the contract was signed.

{10)  Contractor awarded the contract.

(11)  Type of system.

Duc to the diversity of the data and the purpose of this section, it was decided to
narrow the objective of the analysis to a single issue, which is probably the most
important to the Department of Defense: an attempt will be made to sce if there is any
increasc (or decreasc) in the deviation from the manufacturer target cost through time.
The one deviation that is considered to be the most significant will be the positive one,
since this phenomenum would represent additional expenditure to the government.
I'hus, the task is to try to find a possible causc to this increasc.

Among the other 10 factors, it was hypothesized that the ycar in which the
contract was signed and the time (in months) to complete the contract had significant

influence on the deviation from the manulacturer original target cost. The variable vear

> \",J,-. SRR A SR L ey




signed was considered since the period of study includes an cvent that had significant
impact on the LS ecconomy: the Korcan War; therefore, it was expected that smaller
contractors, not real'ly prepared to react to the contingency of war production, would
be less capable of making accurate predictions. Figure 4.13 shows the display of the
vear the contract was signed versus the deviation from target cost. It was also
expected that the contractor, increasing from normal productions, would also be
affected in their prediction capabilities. The hypothesis about the time to complcte the
contract is based on a simple idca : the wider the interval of time for which the
prediction is made, the less is the probability of asserting the prediction. It was also
desired to sce if the major trend in this deviation of the major contracts, since these
were probably of greatest interest to the government. In [Figures 4.13 and 4.14 three
major contractors were sclected as been of relative importance: Leckeed, Douglas and
Grumman. These three are coded by the initial letter. It is casy to sce that the actual
vear that the contract was signed does not really influence the deviation from target
cost; the deviation are evenly distributed across the period of interest. However, notice
that during 1951 and 1952 (Korcan War period) the deviation are mainly on the

ncgative side (probably the significance of patriotism) and thereafter are evenly

distributed.
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Figure .13 Year Signed ¥s Dev. I'rom Targeet Cost, Contract
Data (L = Lockeed, G = Grumman, D= Douglus, o= Others).

The other variable of interest was then considered, namely the tune to complete
1

the contract. The range of this variable is from around 15 months to 130 menths.
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. Data (1. = Lockeed, G = Grimman, D= Douglas, o= Others).

- Figure 4.14 shows the plot of those contracts that took less than 40 months, 40 months '
and less than 70, and 70 or more months versus cost deviation respectivelv. It is clear

2 that there is some form of positive rclation between cost deviation and those contracts

/

g that took more than 70 months to be completed; confirming the mitial hypothesis.

’

< There are some exception to this conclusion, and these are mainly contracts that were i

' given to two of the largest contractors, lLockecd and Grumman, and possibly two ’

!

. smaller ones.

K- These plots, in a clear way, demonstrate the care that must be taken in the
anilysis of single scatter plots, one scatter plot portrays only isolated relationship of
two variables and muay not indicate a casual relationship. One should make use of

N different cxploratory data analysis techniques in an attempt to discover possible trends

.' .

a in the data being analyzed.

-
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APPENDIX A
COMPUTER PROGRAMS

1.  APLGRAFS EXEC.
This exec program present a menu with all the programs available in the APL
workspace APLGRAFL'S, after the selection is made the exec will load the necesary

workspaces and will prompt the user to enter the name of the selected program.

&TRACE

SET BLIP %

-ONE

CLRSCRN

&TRACE

aTYPE

ATYPE YOU HAVE THE FOLLOWING PROGRAMS TO USE
&TYPE

&TYPE (1) STAR AND PROFILE PLOTS
&TYPE (2) BOX PLOTTED TABLES

&TYPE (3) SYMBOLIC SCATTER PLOTS
&TYPE (41 DRAFTSMAN DISPLAY

8TYPE (5) LOMESS

8TYPE (e} EXPLANATION ON THESE FUNCTIONS
&TYPE (7) QUIT

&TYPE

&TYPE TYPE THE NUMBER CORRESPONDING TO THE PROGRAM YOU WANT
&READ VAR &0PT

&IF 80PT = 7 8GOTO -FINAL

&IF &OPT < 1 8GOTO -ERROR1

&IF &OPT > 6 &GOTC -ERRCOR1

% CP DEFIME STORAGE 2048K

* STACK I CMS

CP TERMINAL APL ON

&STACK )LOAD GRAFSTAT

&IF &0OPT = 2 &GOTO -THO
&IF 30PT = 3 8GOTO -THREE
&IF &0PT = 4 8GOTO -FOUR
&IF &OPT = 5 2GOTO -FIVE
&IF ZOPT = 6 &GOTO -SIX

ESTACK 'NOW LOADING , DONT TOUCH YOUR KEYBOARD'®

&STACK JPCOPY APLGRAFS GSTARPLOT GDEMO

&STACK )PCOPY 990 CMSIO

&STACK ' °

8STACK 'FOR A DESCRIPTION OF THESE FUNCTIONS TYPE : °
&STACK '

&STACK
&STACK

! INSTRUCTIONIONS *
&STACK '

8STACK
&STACK
&STACK
&STACK ' !

8GOTO -SEVEN

-TWO &IF &0PT > 2 8GOTO ~THREE

&STACK 'NOW LOADING , DONT TOUCH YOUR KEYBOARD'®
&STACK )COPY APLGRAFS GBOXPLOTAB GDEMO

&STACK )PCOPY 990 CMSIO

TO EXECUTE THE FUNCTION STARPLOT TYPE : °

STARPLOT '

&STACK

8STACK °*FOR A DESCRIPTION OF THESE FUNCTIONS TYPE : °'
&STACK ' !

&STACK ' INSTRUCTIONIONS °*
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2, 8STACK *
o SSTACK * °*
N 8STACK * TO EXECUTE THE FUNCTION BOXPLOTAB TYPE : °
» &STACK * *
Y 8STACK ' BOXPLOTAB '
8STACK * °
Y 8GOTO -SEVEN
> -THREE &IF 8OPT > 3 8GOTO -FOUR
N &STACK 'NOW LOADING , DONT TOUCH YOUR KEYBOARD'®
W, &STACK )PCOPY APLGRAFS GSCATPLOT GDEMO
- &STACK IPCOPY 990 CMSIO
4 2STACK ' °
2 &STACK 'FOR A DESCRIPTION OF THESE FUNCTIONS TYPE : '
8STACK ' *
- &STACK *  INSTRUCTIONIONS °
- 8STACK * *
. 8STACK '
P~ 8STACK ' TO EXECUTE THE FUNCTION SCATPLOT TYPE : '
)~ &STACK * *
o &STACK '  SCATPLOT '
= &STACK *
2GOTO -SEVEN
_ -FOUR 8IF 8OPT > & &GOTO -FIVE
-~ 2STACK 'NOW LOADING , DONT TOUCH YOUR KEYBOARD'
g &STACK )PCOPY APLGRAFS GDRAFTSMAN GDEMOC ;
o &STACK )PCOPY 990 CMSIO :
£ 3STACK ' '
- &STACK 'FOR A DESCRIPTION OF THESE FUNCTIONS TYPE : '
o &STACK ' *
: &STACK '  IMNSTRUCTIONIONS '
x &STACK ' '
KX 8STACK * '
. &STACK ' TO EXECUTE THE FUNCTION DRAFTSMAN TYPE : °*
" ZSTACK ' '
.;: &STACK '  DRAFTSMAN '
o) &STACK ' !
. &GOTO -SEVEN .
o -FIVE &IF 20PT > 5 &GOTO -SIX
. &STACK 'NOW LOADING , DONT TOUCH YOUR KEYBOARD'
R &STACK IPCOPY APLGRAFS GLOWESS GDEMO
- &STACK )PCOPY 990 CMSIO
b, 8STACK ' '
L. &STACK 'FOR A DESCRIPTION OF THESE FUNCTIONS TYPE : °
- &STACK ' !
s &STACK '  INSTRUCTIONIONS
8STACK ' '
.. 2STACK ' '
o &STACK ' TO EXECUTE THE FUNCTION LOWESS TYPE : °
NG &STACK * ¢
b &STACK '  LOWESS °
o 8STACK * °*
. 8GOTO -SEVEN
. -SIX CLRSCRN
7 &CONTROL OFF
., SBEGTYPE -PAPA
-
. THIS WORKSPACE CONTAINS PROGRAMS THAT MAY BE USED AS EXPLORATORY
S DATA ANALYSIS TOOLS. PROGRAMS THAT ARE USED TOGETHER ARE
= CONTAINED IN GROUPS.

THE GROUPS CURRENTLY AVAILABLE ARE GDEMO,GSCATPLOT,GBOXPLOTAB,
¥ GSTARPLOT, GDRAFTSMAN AND GLOWESS, WHERE THE G STANDS FOR GROUP.
:. IF YOU HAVE COPIED THE WHOLE WORKSPACE APLGRAFS YOU CAN SEE A

r LIST OF THESE GROUPS AT ANY TIME BY DROPPING INTO APL AND TYPING :
--'
~ JGRPS .
V]
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GROUPS : )

GDEMO.......... THIS GROUP CONTAIN SOME DATA SETS TO BE USED
. FOR ILLUSTRATION BY THE PROGRAMS IN THIS WS.

GSCATPLOT...... THIS GROUP CONTAIN ALL OF THE PROGRAMS REQUIRED
TO PRODUCE SYMBOLIC SCATTER PLOT OF THWO OR MORE
DIMENSIONAL DATA. A BASIC DISCUSSION OF THESE \
DISPLAYS IS CONTAINED IN 'GRAPHICAL METHODS FOR
DATA ANALYSIS®' BY CHAMBERS (PAGE 157) .
TO EXECUTE THIS PROGRAM TYPE :

SCATPLOT

AND THEN ANSWER THE QUESTIONS.
YOU WOULD NEED THE FOLLOWING TWO DIMENSIONAL

A A A

ARRAY : .
- ARRAY OF DATA ( IN APL INSIDE THE :
” WS OR OUTSIDE AS A FORTRAN FILE) ]
‘: FOR A DEMO USE THE FOLLOWING ARRAY : !

. e g

: DATA -=--=m=- > CALHOS !

CALHOS CONSISTS OF COST PER PATIENT IN 14 GEO-
GRAPHICAL DISTRICTS (ROWS) OF CALIFORNIA OVER 5
YEARS (COLUMNS).

GBOXPLOTAB..... THIS GROUP CONTAINS ALL OF THE PROGRAMS REQUIRED
TO PRODUCE BOX PLOTTED TABLES (A COMBINATION OF
- BOX PLOTS AND A TABLE WITH THE ORIGINAL DATA ON
THE SAME DISPLAY).TO EXECUTE THIS PROGRAM TYPE :

. . BOXPLOTAB

. AND THEN ANSWER THE QUESTIONS.

. YOU WOULD NEED THE FOLLOWING TWO DIMENSIONAL

. ARRAYS :

B - ARRAY OF DATA ¢ IN APL INSIDE THE

. WS OR OUTSIDE AS A FORTRAN FILE ).

. - ARRAY OF NAMES OF COLUMNS (AN ARRAY OF
DIMENSION [NCOL,201)

- ARRAY OF NAMES OF ROWS (AN ARRAY OF
DIMENSION [NROW,201})

IF YOU DONT HAVE THE ARRAYS OF NAMES THE PROGRAM
WILL ASK YOU TO ENTER THE NAMES ONE BY ONE.

PP PR

FOR A DEMO USE THE FOLLOWING ARRAYS : \

DATA ~--=ew-- > CALHOS
ROW NAMES ---> CALHOSR
COL NAMES ---> CALHOSC

GSTARPLOT...... THIS GROUP CONTAINS ALL OF THE PROGRAMS REQUIRED
TO PRODUCE STAR AND PROFILE PLOTS OF TWO OR MORE
DIMENSIONAL DATA. A BASIC DISCUSSION OF THESE b
DISPLAYS IS CONTAINED IN 'GRAPHICAL METHODS FOR
DATA ANALYSIS' BY CHAMBERS (PAGES 158-163)

A e a2 s

(- TO EXECUTE THIS PROGRAM TYPE : E
' STARPLOT ¥
. AND THEN ANSHER THE QUESTIONS.

YOU KWOULD NEED THE FOLLOWING TWO DIMENSIONAL

ARRAYS :

- ARRAY OF DATA { IN APL INSIDE THE
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WS OR OUTSIDE AS A FORTRAN FILE)

- ARRAY OF NAMES OF COLUMNS (AN ARRAY OF
DIMENSION [NCOL,201)

~ ARRAY OF NAMES OF ROWS (AN ARRAY OF
DIMENSION [NROW,201)

IF YOU DONT HAVE THE ARRAYS OF NAMES THE PROGRAM
RILL ASK YOU TO ENTER THE NAMES ONE BY ONE.

FOR A DEMO USE THE FOLLOWING ARRAYS :

DATA ---===-- > CARS
ROW NAMES =---> CARSR
COL NAMES ---> CARSC

CARS IS THE CAR REPAIR DATA GIVEN BY CHAMBERS,
ET O.

GDRAFTSMAN ..... THIS GROUPS CONTAINS ALL OF THE PROGRAMS REQUIRED
TO PRODUCE DRAFTSMAN DISPLAYS OF TWO OR THREE
DIMENSIONAL DATA. A BASIC DISCUSSION OF THESE
DISPLAYS IS CONTAINED IN 'GRAPHICAL METHODS FOR
DATA ANALYSIS' BY CHAMBERS (PAGES 136-140)
DETAILED EXPLANATIONS OF THESE PROGRAMS ARE
CONTAINED IN ‘'DRAFTSMAN DISPLAY 3 A GRAPHICAL
EXPLORATORY DATA ANALYSIS TECHNIQUE®' AN NPS THESIS
BY CAPT. MALCOLM JOHMSON, USA,
THESE PROGRAMS ARE COMPLETELY INTERACTIVE AND CAN
BE INITIATED BY TYPING :

DRAFTSMAN

AND THEN ANSWER THE QUESTIONS.
YOU WOULD NEED THE FOLLOWING TWO DIMENSIONAL
ARRAYS :
- ARRAY OF DATA ( IN APL INSIDE THE
WS OR OUTSIDE AS A FORTRAN FILE)
- ARRAY OF NAMES OF COLUMNS (AN ARRAY OF
DIMENSION [NCOL,201)
- ARRAY OF NAMES QF ROWS (AN ARRAY OF
DIMENSION [NROW,201)
IF YOU DONT HAVE THE ARRAYS OF NAMES THE PROGRAM
WILL ASK YOU TO ENTER THE NAMES ONE BY ONE.

FOR A DEMO USE THE FOLLOWING ARRAYS :

DATA -—--=mm-- > CARS
ROW NAMES ---> CARSR
COL NAMES ---> CARSC

GLOWESS....... THIS GROUP CONTAIN ALL OF THE PROGRAMS REQUIRED TO
USE THE ROBUST LOCALLY WEIGHTED REGRESSION SCATTER
PLOT SMOOTHING TECHNIQUE DESCRIBED IN 'GRAPHICAL
METHODS FOR DATA ANALYSIS' BY CHAMBERS (PAGE 121).
DETAILED EXPLANATION OF THESE PROGRAMS IS
PRESENTED IN 'LOCALLY WEIGHTED REGRESSION AND
SCATTER PLOT SMOOTHING; A GRAPHICAL EXPLORATORY
DATA ANALYSIS TCCHNIQUE' AN NPS THESIS BY
CDR GARY W MORAN, USN.
THESE PROGRAMS ARE COMPLETELY INTERACTIVE AND
CAN BE IMPLEMENTED BY TYPING :

LOKWESS

AND THEN ANSHER THE QUESTIONS.
YOU WOULD NEED THE FOLLOWING TWO DIMENSIONAL
ARRAYS :

- ARRAY OF DATA ( IN APL INSIDE THE
WS OR OUTSIDE AS A FORTRAN FILE)
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- ARRAY OF NAMES OF COLUMNS { AN ARRAY OF
DIMENSION [NCOL,201) .

- ARRAY OF NAMES OF ROWS (AN ARRAY OF
DIMENSION [NROW,201)

IF YOU DONT HAVE THE ARRAYS OF NAMES THE PROGRAM
WILL ASK YOU TO ENTER THE NAMES ONE BY ONE.

FOR A DEMO USE THE FOLLOWING ARRAYS :
DATA ---==-=- > CARS

ROW NAMES ---> CARSR
COL NAMES ---> CARSC
-PAPA
&GOTO -ONE
-SEVEN EXEC APLGST
8EXIT 100

-ERROR1 &TYPE YOUR VALUE HAS TO BE BETWEEN 1 AND 6 TRY AGAIN
&GOTO -ONE
~FINAL ZEXIT 100

2. APLGRATFS VSAPLWS

The following is a description of the content of the APL workspace APLGRAI'S
VSAPLWS, which contains all the functions nceded to use the programs described in
this thesis. This workspace contains several groups, each groups is reluted to an
especific program, and contains the functions required to execute that program.

Following is a list of groups and functions inside those groups.

Group GBOXPLOTAB

Functions BOXPLOTAB ADMI BOXLINES

Group GDRAFTSMAN

Functions DRAFTSMAN DRASYM DRAFT
REPEATCK MINMAX TRANSFORM
JJITTER sSuB ADMINS
LABELS REGRES REGRES2
LOWS YMAVS MOVS
MMOVAY GARY GARY2

Group GLOMESS

Functions REPEATCK LOKESS REGRES2
LOWS REGRES PLOTQUERY
DATAINPUT

Group GSCATPLOT

Functions MINMAX TRANSFORM JJITTER
SCATPLOT ADMI

Group GSTARPLOT

Functions TRANSFORM STARPLOT ADMI
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3.  APL PROGRAMIS.

This section contains the program listings of the APL programs written for this
thesis, and the modified version of some existing APL programs taken from Johnson
[Ref. 4] and from Moran [Ref. 5].

a. BOXPLOTTED tables (Program BOXPLOTAB)

(0] BOXPLOTAB; DATAQ ; DATA ; IPL ; NROW ; NNCOL ; NNNCOL s NCOL ; PLO 3
UIND;YL;S20:DIF3LHEAD; YNsUIND1; UIND?2 s ORD ; ORDEN ; SORT 3
ORD1: XL+ BAS1:C0L20 XX MEA VAR MED ; DATA2 3 SCRE; TX3LXs
SIZ3;¥Y;C047DA7201;0RD1;BA50:CONT ; DATAL

DMI

ATAQ<«DATA

PL<0

PRCDz'Y')/0

RON<1+ DATA

ROW<50)/L01

HE MAXIMUM NUMBER OF ROWS ALLOWED IS 50 , TRY AGAIN?

1:NYNCOL<NNCOL< 1+ DATAQ
02:PLO<UIND<XL<YL<S20«20 DIF<' !
gggRgHESCREENLABEL'

& <

0 YOU HAVE A (NCOL 20 CHARS ) MATRIX WITH THE NAMES
OFCO@UMNSY/N?'

1
(YN=z'Y')/LO3
ENnggHENAMEOFTHEMATRIx'

-~
Ig?%+,((NN€0L,5) ' +),(UIND1[; 15]1)
3:I<0
IND1<«UIND2<"!

ENTER THE LABEL FOR COLUMN NUMBER ' ,®(I)
IND1<«UIND1,( 204(S20,0))
I;NNCOL)/tou

15: 7«0
I?ISYQUI\%A'VE A (NROW 15 CHARS ) MATRIX WITH THE NAMES

-y ~O R
ObrNN A= Dty
= +
_.)

o
£
M~
4

b~
+
[N

€14

YN=1Y!')/LO14

NTER THE NAME OF THE MATRIX'
ND2<[

gD%eUIND2[;15]

|
1 TeT+1 ‘
ER THE LABEL FOR ROW NUMBER ',s(I)
154 (0 ))
y
5

~ Y QQ A~ D - Q SEQ QO - b

2<UIND2, ( ,520
NROW)/L0O1
2<(NROW,15) UIND?

:ORD<« NROW
YOUWANTTH%ﬁfTAORDEREDBYTHEFIRSTCOLUMN?Y/N'

SO ATNEL

[}
(e}

ND2<UIND

GO EEFESEFFEEEfWWWLWWWWWWWWRNIRN RDNNRONDRNNONRRLRPRRPRP BRREROON0OUTEFWNER

NROUVONONFWNROOVONOMEWNRPLOOOONOVIEFWNRLOWONOE WNROLJIIL LI i)
[V TN T | WO VST VY W W WS T WS | WS T T O W TS W 100 N W T TR 1B [T T | B T TR [ T LR A

DY SDLLNTDO Y ¢ - OV Q

(o Tzn (o (e T e "t o [t (i { g 7o T F o T [ o T "o Vo T o Ty T o [ s | | U Vi ¥ e e T T [ [ o T [ T T | [ Tt e Toma Tone ' ous et T o [ o Tn | (e |
O~AQOQQO NI~~~

TADL
fwcol)/Lo57
>(NNCOL<6)/
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C IPL<IPL+1

C NCOL<6

C NNCOL<NNCOL-6

L +>L07

L L0B:NCOL<«NNCOL

E IPL<IPL+1
NNCOL+0

C LO7:DATA<DATAQO[; (((IPL-1)6)+ NCOL)]

[ JEReJORE;(((IPL-l)6)+NCOL)

C CONT< ,Q (NROW , (NCOL)) (( NCOL)+1)

{ DATA1<« ,RDATA

C ng€+;an50900NTVDATA1VOVAVBOX;o1 . 2¥NY¥PLOVLHEAD®XL

C %ff%rgé§0,'.16 .20 .92 .859PLIN1.8 7.2RLINW1 1 0%
RUN BAS0
COL20<(NCOL+1) 20
XX« CcOL20
IT<1
RHO<«(NCOL-1) 0
LRHO1:I<I+1
TIE++%§JOR[;I-1 =JOR[3I])
>(TIE>(NROWN 2))/LRHQO?2
RHO[I—1]+1-(6S+%((JOR[;I-1]-JOR[:IJ)*2))(NROW
((NROW*2)-1))
>LRHO3
LRHQ2:N1<«NROW (((NROW+1) 2 )
Rggf{3%3;g§(;f(JOR[;I-1]*2))-N1)*0.5)(((+%(J0RE;I]
* - * .
RHO[I—1]«(§+%(JORF:I-1JJOR[;I]))-N1)RH0EI—1]
LRHO3 :>(I<(NCOL))/LRHO1
c8§§75§gL20,1)(( 204520, 'RANK CORR..-'),(20 4 sRHO ),
MEA«§COL20,1§§§:20¢S20,'MEAN .-1'),(20 4 sMEAN DATA))
Ig%?h§?L20,1 204520, 'VARIANCE ".-'),(20 4 3VARIANCE
MNED<«(COL20 1%(("20¢SZO,'MEDIAN.-’),(20l+w(COL2O
MEDIAN DATAYY)
DATA2«8(CORR ,MEA , VAR

C
L
C
C
C
C
[
[
[
[
C
L
[
C
C
[
C
C
[
[
[
[
[
C
[
[
C
[
C
C
[
C
[
C
C
[
C
[
[
(
C
[
C
[
[
[

} »MED )
UIND<! OBSEIfVATl’Igg YWUIND1[((IPL-1)120)+ (NCOL 20)]

X<0

6
AS1-1--10-~XX-YY--~UIND; ;SIZ---S20=-—-=-- SCRE--LINO!
A51-BAS1,'140-LINLX TX¥1 0 0%0 1 0 O%!

Y<«COL201

UN BAS1

CRE<0,0.05,0.98,0.15

b~
[
,1.

4
o4
E

1
001
gLZO,l)DATA2[(5-I);]

>
,f\
[N
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701 : T<f+1

IND<«(COL20,1) ((UIND2CI;1),(50s0RD[I]),
20 2 sDATA[LI;]1))

Y<COL20 ((NROW+1)-I)
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P e i e e e e e el e b (OO0 OO WO O WOEO 00000000 00 0000 0NN NNN NNNNINOOWOOO) O OO0y

Q‘
~
N
4
3]

I SENSNES e
4
=
2
S
S

..............

TRk Ao A

e 2t PR

P
P




g RS

YOU WANT TO JOIN WITH LINES DATA POINTS OF THE
AME POSITION!

v2140)/M02

H 'EIVTE'R THE POSITION QF THE DATA POINT (ENTER O
7o FINI )

o~

NAA~ARZTNA

1
UNA:'DO YOU WANTI IO SEE THE DIFFERENCES BETWEEN
OLUMNS Y/N?
Y'SDIF<-1MI])/O
<

NCOL<NNNCOL-1

04« (NNCOL,1) NNCOL
%%%%UWANfABSOLUTEDIFFERENCES(A)cN?RELATIVE
A*zDIF1«1+m)/TU
E4D+'ABSOLUTEDIFFERENCESBFTWEENCOLUMNS'
HEDIFFERRELATIVETOTHEFIRSTCOLUMN(F)ORTHE
PREVIOUS(P)

P'le F<[)/TU}

TA0<« | (DATAOL; NNCOL] -DATAOL; (1+ NNCOL)])

Had.. DATAQ1<N(NNCOL ,NROW) DATAOL ;1]
TAO*IDATAOl DATA[ 1+ NNCoL)]

%Z(NNCOL

TER : LHEAD<'RELATIVE DIFFERENCES BETWEEN COLUMNS
HE DIFFER. RELATIVE T0 THE FIRST COLUMN (F) OR THE
PRE’VIOE]U)S/ }P)

7 ((DATAOE NNCOL] -DATAOC; (1+ NNCOL)])
A7A0( 3 NNCOL)

MA11 DATAO1<8(NNCOL ,NROW) DATAQ[ ;11
TA0+I((DATA01 DATAQL; (1+ NNCOL)Y] Y DATAO1) 100
d<(NNCOL

MAD : AA+<&NCOL 15) ' DIFF. BET
ND1<,A4,(203(C04)), ((NNCOL, 1)'-') (20
((NNCOL 1)(1+NNCOL)))
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b. STAR plots and PROFILE plots (Program STARPLOT)

[0] STARPLOT ; PRCD ANS: SCOL 3 SRON 3 NCOL s NUP; INC 3 MAX 3 SINT
COST M3 BA f MIM SPATC 3 PL3ONE ;R C3POSN; XAXIS: P
éAso +BAST; s XX PYP
9;'TY§E(S)FORSTARPLOTOR(P)FORPROFILEPLOT'
6.
(T%PI'S‘)A(TYPI'P'))/JO

PRCDz'Y')/0
NE<I<0
COL<« 14( DATA)
ROI<1+4( DATA)
DO YOU HAVE 4 (NROW 20 CHARS ) MATRIX WITH THE NAMES OF
ROWS Y/N?!
('Y'x(1+m))/ JOO
"ENTER THE NAME OF THE MATRIX OF NAMES!

-EZQAfbA’S%

(1
(2
(3
[y
L5
(6
L7
L8
!
(1
(1
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E?S] I<0

77] TC«-NUP

(78] LOOP3 : TC<«TC+NUP

Egg%gho .05,(1-(INC-(INC6))),(0.05+(INC-(INCB))),1

[81] LOOP2 :R<«R+1

[82] C<0

ESE% gogm 1C<C+1

[85]P?3N<-PI+((INC (-INC),INC,(-INC)) ((C-1),(R-1),(C-1),

[86] XAXIS«NTI;]

[87]1 P<«(DATA[I;]1-MIN) (MAX-MIN)

[88] >(TYP=15'3Y/L000

E88% M%%éo,o),[u(0NE,XX,P),E1]((3,3) (1,XtnNncoLl,o0,1,0,0))
>N

(911 LOOO :M«ONE, ((NCOL,1) (((PCOST)+1)2)),((NCOL,1)
(((PSINT)+1)2)3

[92] M<M,[1])(((2 NCOL 3)(M ((NCOL,3) (1 g

(93] M000:BAS0<"'nn129M91 0 REVRDPW OFW’ osz\iw;m LINVOFFV'

[94] BAS1<«'an2%X Axrsvovcvovsvwswov .07 RPRON®

[95] RUN BASO

[96] RUN BAS1

[97] 3{I=2NEOW)/ENDQ

[98] » 2TC+C)2NROW)/E’ND

[89] »((C<NUP)A((TC+C)<NROW))/LOOP1

{1003 R<NUP)/LO0P2

[101] END=PA

[(102] ((TC+C)<NROW)/LOOP3

£103] ENDO:PA

c. CODED SCATTER plots (Program SCATPLOT)

[0l SCATPLOT QUE’1 CX;CY;I3DATA1;LHEAD ; LPLOT : NCOL s LABX
EXX; y’ s POSN;POST 3 EXPRE’Z_IS.YM COL3SYZ;DESCRI 3

ﬁOSLEc 1A1:X;Y3:8PA; %Y PLoT1 PLOTO s PLOTLEG

[1] POSI<0
C21 ADMT
[3] DATA1<DATA
[u] >END épchz 1y1)
£5]1 >ONE (DIM=2)
C g z]z R' JIOA%? %ZIDTA IS NOT A TWO DIMENSIONAL ARRAY , SCATPLOT BEING
Eg % 'PLEASE’ REFORMAT YOUR DATA AND START AGAIN'
E % ]osz : DATA<DATA1
£11] NCOL<- 14 DATA)
€127 (POSI=0)/0ONEQ
H 35' [',E'NZ’E'R E]THE SCRE’E’N HEADER '
H g% gllgso 0: [hE’NTE’R THE PLOT HEADER '
[17] 'ENTER THE’ VARIABLE (COLUMN) FOR THE X AXIS!'
£18] X<DATA([:CX<0]
(197 "ENTER THE’ LABEL FOR THE X AXIS '
[20] LABX<[
£21] 'DO YOU PIANT ALL THE VALUES OF X OR JUST A SUBSAMPLE

OF IT (ALL/SUB)?
£22] %UE'1<-1 40
[23] W0 (QUE1='4"
(24] "ENTER AN APL EXPRESSION WITH THE RANGE OF VALUES FOR X!
E%g% éE’ .G. (DATAL;',(sCX),'12500)A(DATA ;' ,(3CX),'1<1000)!*
(2717 DATA+E'XX%DATA
(28] TWO: 'ENTER THE VARIABLE (COLUMN) FOR THE Y AXIS!'
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DATA[;CY<0]
NTE'IE]? THE LABEL FOR THE Y AXIS !

YOU WANT ALL THE VALUES OF Y OR JUST A SUBSAMPLE
IT (ALL/SUB)!

1<1+0

(QUE1='4"

ER AN APL EXPRESSION WITH THE RANGE OF VALUES FOR Y!
. (DATAL;',(®3CY),"'12500)A(DATAL;", 1<1

TA+E’XY7‘DATA
01: Y<—DATA[ cY]
DATZ Ls

ITTER

ANSFORM

I‘JMAX

<
J
R
I
gNTE’RTHEIE]OSITIONFORTHE’PLOT F.¢.12122,.."
0
0

by 4

zom“om
Dow» N

ot e
S

Oy - -3
=QO

Q:DXRJ

SI<PQ

OP1 (POSI>1)

SN« 0.10.10.80.8
OOP1:I<I+1

30 (3I)

-4

TE’R IN AN APL EXPRE' SION FOR THIS CATEGORY'
. (DATAL;4]1<S.5)A(DATAL; 5) 1

SEEQAE%’A AS THE NAHE OF YOUR VE’CTOR !

JT%'R THE SYMBOL !

VTE'R THE COLOR , I .E, BLUE!

<0
NZ(’%’R T§'1E’ SIZE , AS A NUMBER BETWEEN 1 (SMALL) AND

s, =Q =0 =l = - = ~fIyty —NE'ﬂ’NN'\]

YTy | s U (o ¥ e T Vo ¥ 7 s T e ¥t T ¥t T | s s T e (e [ e [t T " T e e [ e [ [ e | o
t’J Q = *_j el r] f‘J
A. ="y

SYZ i

?’5 YBOflISéS%’M 's',CO0L,"3!',SYZ

PLOT1«'nanl10¥XVYVeEXPRE®' ,SYMBOLS, 'VSPAV’SPAVSPAVSPA'

PLOT1<-PLOT1 'BPOSNYWPR¥PP1 0090100

IF?'%,N PLOT

FLOUBBX: PLOTO<«'an109XVYY¥eEXPRER®' ,SYMBOLS, '¥LPLOTRLHEAD®
L Pé,OO%’OJ-PLOTO '"WLABYVPOSNNRLIN LX TXRLINLY TYI®1 11

RUN PLOTOQ

FIVE:+SIX (POSI>1)

'CEff’VATlg.SI'? A) LABEL (DE’SCRIPTION) FORTHIS CATEGORY (MAX 25

ESCRI<254[,! 1

ESCRI«(3I). 1! DESCRI sym, ', (85YZ)
0SLEG<0.8,80.78-(

LOTLEG+'nn29DESCRI",COL ' BOVBLYOV3IBYESVNOWPOSLEG RS

UN PLOT
IX:'DOYOUWANTANOTHERCATEGORY(YES/NO)'
UE1<14[)

00P1 (QUE1='Y')

p0§§>1 /QUEO1

E01:'D0O YOU WANT ANOTHER PLOT (YES/NO)!
El1e14[]
UE%='Y')/0NE

o e 2o o VW 2 i N
1N ~OD Y~ DU "U"UUU
Q

Zb«OQQEiD
(el (ol
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d. CODED DRAFTSMAN plots (Program DRAFTSMAN)

DRAFTSMAN NCOL;PI;R;C;Y;TN;T2N;XAXIS:; YAXIS: X3 LXs
T%JA¥§ JROB; Y1:X1; y§ M NUM;PRCD; DIM; YM; XM; UM SKP

SPA<SYMBOLS<LPLOT«LHEAD«XAXIS<«YAXIS«'"
YMBOLS«"o0!

] TX;LYs
]

gEXP<-'A'

J

3

J

J

%5 b

LP1 (PRCD='Y"')

P1 :>LP2 (DIM>3)

(LP2,LP3,LP4)[DIM]

P2 : 'f’OUR DATA SET IS NOT A TWO OR THREE DIMENSIONAL

] 'DR‘{I&TSM%N IS BEING TERMINATED. PLEASES REFORMAT YOUR
REINITIATE DRAFTSMAN'

Pu:N DRAFT DATA

o
hh¢b++
m

ho~

3
COL<"14( DATA)
ITTER
RégSFORM
Q YOU WANT A SYMBOLIC DRAFTSMAN (YES/NQO)!

El1<140
N1 (%UE’lt'Y')
<DA

OLBDRASYM DATA
LOT«"' !

QU HAVE NOW ' , (sNCOL),' BASIC VARIABLES TO PLOT!
Nlé'ENTERNUMBEROFPﬁbTSPERSCREEN (34 0R5) !

N ((NUP>2)A(NUP<6)) .
UMBE’R OF PLOTS MUST BE3 4 0RS5 , TRY AGAIN'

OIV TR<- NUP

80?14 TR<'-'TR+NUP

<«=-N

Q0P3: TC<-TC+N

I<-0 05 (1-(INC-(INC6))),(0.05+(INC-(INC6))),1

00P2 R<R+1
DATA[ (TR+R)]

<
0QP1:C<C+1
<-DATA§ gTC+

=IO -~ QO ~-ONNIo
N Oy

QQQQQMWEQNQQG
= W

(TR+R TC+C31/
SN<—WI)+ (INC, (- INC) INC,(-INC)) ((C-1),(R-1),(C~1),
IS«NE§T0+C 3]

R+R )]
R=NUP)V((TR+R)=NCOL)))/GRAPH

C
o
I
L
T
L
W
R«
L
C<
Y
L
X
(
P

m&bmbf\bbﬁbﬁbb

NEBXNXXHXQXN
O)'UN Nl Ll L R
RQWEMWVWH

I

O'JS
i00TH«'auU¥X%Y ;s YS¥0 1V1%, VSPAVSPAVYAXISVYAXISVPOSN'
[00TH<«SMOOTH, "RLIN LX TXRLIN LY TY¥1 11910110 0!

COMOIMOUOOINOONEELEE FEFFFFDOWLWWWWWWWWRRNIPRNRNNNNONNNRPB R R PR R B OQON0OEWNDR O
=
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P T T Y T T T T T T S G S W TN T S T S T T TV TS T SV A O W O T T Y TS 1 Y O T T OO I I
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e 0P e = 1 Bt 0t S it LM N AL A I R N 5 LR SRR RTS

AT

QY
N
2 (62] RUN SMOOTH
o [63] SKI
’ [6'4% MOV M MOVS Y[AX]
[65]) YM<UNM
" Egg% %MOVS X[ax1
2 [68] SMOOTH1«"'auRX; XMRY; YNT0 1919, VSPAVSPAVXAXISVYAXISQPOSIW'
- (69] SHOOTH1«SMOOTH1 , 'LIN LX TX¥LIN LY TY¥1 1 1¥10110 0
- E;g% gUN SMOOTH1
o
: (721 FXI}{VXI%ZISU AR10¥XPY®! ,EXP, '®!' ,SYMBOLS, 'WLPLOTRLHEADW
(73] Bélfa—?ﬁ% 'YleISVPOSNV'VLIN LXTXRLINLYTY®111
- 74) RUN BAS
Ny 75] SKIP:>(((TR+R)2(NCOL))A }(TC+C)2NCOL))/E’ND
. 76] §2C<NUP3AEETC+C;<NCOL 3 LOOP1
- £77] ((R<NUP)A((TR+R)<NCOL))/LOOQP2
i [78]) END:*(ANS='Y"')/SKIP1 :
L79] WI GARY2 INC
[80])] SKIP1:PAUSE
ay (81] ERASE
o E82] €§T0+03<NCOL3/LO0P3
S 83] ((TR+R)<NCOL )/LOOPH
N
= e. Suporting Sub-programs
FUNTION ADNI
N Eg% éDMP s QR13;QR2
{.
(2] a FUNCTION ADMI CALLED BY FUNCTIQON SCATPLOT, USES
. (31 a FUNCTION CMSREAD, THIS FUNCTION IS A MODIFIED
- Elst% n  VERSION OF THE FUNCTION ADMINS FROM DTNLFNS VSAPLWNS.
s A
xS [6] PRCD<«'Y!
o Eg% '}I?g YIOFEI]? DATA SET LOCATED IN THIS WORKSPACE? (YES/NO)!
<«
. EQJ 2P1 (QR1z'Y?')
- 10] GO
£11] LP1:'IS YOUR DATA SET LOQCATED: !
, E122l (1) IN AN APL WORKSPACE LOCATED ON THIS DISK OR ON & DISK'
> 13] ' THAT YOU ARE LINDED TQ!
I [114% '(2) INACMS FILE‘ ONTHIS DISKORON A DISK THAT YOU ARE'
o £i15] ' LINKEDTQO!
(16] '(3)NIETHER(1)OR (2) ABOVE!
. (17] 'ENTER (1,2 0K 3)!
3 (18] ?R <0
z (19] LP2'LP3 LPu)[QR2]
- £20] LP2; 1 T0 TRANSFER YOUR DATA TO THIS WORKSPACE: '
o [21] " (1) 7YPE ... YPCOPY (WS NAME) (D.llTA SET NAME )!
o~ [22] ' EXAMPLE: )PCOPY DTNLDATA CARS"
..-' [23] t
.’ [2u] ' DATE AND TIME SAVED INFORMATION IS DISPLAYED!
) [25] ' WHEN THE TRANSFER IS COMPLETE. THEN ENTER GO'!
\ L26] ' TO PROCED WITH SCATPLOT"
[27] SAADMI<GO
. {28] GO:'ENTER THE NAME OF YOUR DATA SET !
" [29] DATA<D
- Egg% gTM<— DATA
- EB 2] LP3:'TO TRANSFER YOUR CMS DATA FILE TO THIS WORKSPACE'
337 TANSWER THE FOLLOWING QUESTIONS ABOUT YOUR DATA SET*
. L3u4] DATA<CHSREAD
(35] DIM« DATA
[36] EN
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Pu:'YOUR DATA SET MUST BE STORED IN AN APL WORKSPACE OR !

INACNS FILE LOCATED ON THIS DISKORON A DISK TQ WHICH '

YQU ARE LINKED. SCATPLOT IS BEING TERMINATED. PLEASE !

nglgl’[;% 'WITH CONDITIONS (1) OR (2) AND REINITIATE SCATPLOT'
<«

EN

FUNTION BOXLINES

1 DAT<JQR BOXLINES DATA
NCOL< 14 DATA

1
Xl , X< ,§ 2,M§3(MX,MX)
gR+ (1-%?szROéL% ) JOR<JORIMX1-1))

X< (INROW ( 1+MX)),1)((MX(21N)%+(1+MX)((211u0),

140
(MX) dM) ,MX, (( MX) JOR)
< 'A A n21 2%Jh¥3%.0 .0 RP¥RPYON® 0 .20 .98 .85 BLINVLINVOFF®!

:DAT<0

5 Y @] S| N [y W TS | WO | G | G | B | S

FUNTION DRASYM

[0] NCOL«DRASYM MATRIX:CI;CV;I;SYN;C0OL;SYZ:ANS
[1] "ENTER AS A VECTOR THE VARIABLES (COLUMNSY THAT YOU
WHISH 70 HAVE!

(2] "INTHE X AND Y AXIS (THE FIRST AND SECOND DIMENSION
FOR THE PLOT )!

cI<0

NeN[(CI):]

DATA<MATRIX(;CI] °
NCOL«CI

I<0
EXP<«SYM<«COL<SYZ<!' !
"NEXT, YOU HAVE TQ ENTER APL EXPRESSION FOR EACH
CATEGORY (CODE)!
"USE XX AS THE NAME OF YOUR ARRAY"

: 1".E'. (XX[;I1>100)A(XX[;J1=400) !
'ij]fDREl' I ANCI')IJ REPRESENT COLUMN NUMBERS BETWEEN 1
, (T
:B'E CAREFULLY NOT TO OVERLAP VALUES !
'WHEN THE PROGRAM ASK FOR SYMBOLS TYPE ANY (ONE)
CHARACTER'
'"FOR COLORS TYPE THE NAME OF THE COLOR I .E. BLUE OR RED'!
:W'ITH SIZES 1 REPRESENT SMALL AND 12 BIG!
IIIOOPl sIe«I+1

ENTER THE APL EXPRESSION FOR THE CATEGORY (CODE)
NUMBER ', (31I)

WNROWONOOIEW NRPROWVD NOOT FWNRPO LI

WWWWAANNNDONN NDNONRR RRR R OOoNOOFw
[ TN T T WS U | SN WO IO A Ry TN W | | A A TS N oy T T W T B

[t (e Ve (e T "o "o T (e e oo IR s e T T T N e T T IR e T e T T I o T o T e T 't T |

EXP<EXP,';' .0
VENTER THE STNBOL !
SYN<SYM, [
"ENTER THE COLOR'
COL<COL,',1,0
"ENTER THE S1ZE!
SYZ<SYZ ' |
AﬁgggywyzshANOTﬁERCATEGORY (YES/NO)!
6-
LOOP1 (ANS='Y"')
EXP<2vEXP
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AT, .,

2t ,._'. _"-','.)-_'A-

s
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N

(34] SYMBOLS<«(1+SYM),';',(2+COL),"';"',(2vSYZ)

FUNTION DRAFT
(0] N DRAFT M3sDATA: IVCOL TR3TC3PIsR3C3 Y s TN T2N3 XAXIS: YAXIS
prggNL§bTY $ANS;F;ROB; ¥1 5413 fs sNUM; NPAG; VAR ;MORE s XU

X3
[1 ]nnnDONOTMOVEOREFASE GRAFSTAT FUNCTION HEADER
[2 ]nnnGRAFSTATHILLNOTADDALINETOZWISFUNCTION
WITHOUT THIS HEAD
3]'THEZWREEDIMENSIONALDRAFTSMANDISPLAYISBUILT
ONE VARIABLE AT A
(4] 'TIME. THEPROGRAMWILLASKYOUWHICHVARIABLEYOU
WANT 70 LOOK AT
[51 'EACH TINE IT I'S READY FOR A NEW ONE. THE DISPLAY
PRESENTED FOR EACH!
[6]‘;Efg%gggREPRESENZSTHATVARIABLEPLOTTEDAGAINST A ;
(71 'VARTABLES PAGE BY PAGE . THAT IS, THE FIRST RON
REPRESENTS THE FIRST!
1 VPAGE OF DATA , THE SECOND ROW REPRESENTS THE SECOND
PAGE AND SO ON!

A<M

COL<«2+v( DATA
AG<14( DATA
0P5:'WHAT VARIABLE DQ Y UWANTTQ %% A

~m

=i
gk
=
+

(NCOL,1) NCOL),[2]1(3(NCOL,1) L2
-
XU+0.1 XU«T /T /DATAL ;s (VAR)]

[(VAR); ] ), WILLBF ?LOTE'D AS THE INDEPENDENT (X
TABLE )

AND ALL OTHE’RS WILL BE PLOTTED AS DEPENDENT (Y
VAR%&B ES).

ER
ANSFORM
"EgTER:COFEmOTSIﬂH?SCREEN(3 4 ORS5)!

gg€<a)v(wup>s))\cow
<0. 92 (1~ (INC+(INC6))),(0.05+(INC-(INC6))),1

OEH TRéTR+NUP
OOP3 TC*TC+NUP
00P2'R+R+1

DATA[(TR+R) :VAR]

QP1:C<C

DATAE(TR+R) s (TC+C)]

<«YU+0,1 YU<T { /DATA[ 1 (rCc+C)]

VAR)=(TC+C))/SKI

SNeP ((INC, ( INC) INC,(TINC)) ((Cc-1),(R-1),(C-1),

TC+C); ]
VAR 1
R=NUP)v ((TR+R)=NPAG)))/CRAPH

QxA~Qhy

My m
©
=4 el

QEFEEFLFEFFEFFE WQLOWLWWWWWWWNRNNDNNNNNNNERE R RRPRPR R P Y
QUWONOUMFEFWNRLO WONOMFWNROOVDONOOMFEWNROW 0 NNOMFWUNRPLOUI
DO e I el e

AQDEARIDEADL A DG WARMNXQBQBNHNMNA%QQHN

A

>

N
5

-

mM

QwNEAQObw%
M m

)

i AQ+Q¢
e’ |
~H
~

IC+C)31]

A
(
;}(TRTR)=NPAG))/GRAPH
NMAX

)/FIN

> il nxx

= hin
s A QA ANt 4
&3&@-20~>22
=By =YY =~
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P AL
.

T"M' )/Mov
OWsS Y

OOTH3<-'nWVXVY YS®0 1¥1V . BSPAVSPARXAXISRYAXISVPOSND
LINLX XUR!

MOOTH3<—SMO0TH3 '"LINLY YU¥111%101100"
[IéN SN00T

S
R
IP
MOV M MMOVAV YLAX]
YM<Y)

M MMOVAV Xrax)
gm AV

MOOTHlSe'n’-L’VX XMWY ; YNVWO 1919 . RSPAVSPAVXAXISRYAXISRPOSN
YLIN LX XU®

MOOTH13<-SMOOTH13 'LINLY YU¥1 119101100

£51)
i
53
5y
55
56
£57]
[583
[59
[60]
(61]
[(62] S
il
E65 FI{INN gASI%a#' AUPXPYROV1V . YSPAVSPARXAXISRYAXISVPOSNY
Egg] BASIC3<-BASIC3 'LINLY YU¥111%1011 00"
[68%
£69]
70]
71]
721
E?S]
74 ]
E75]
76]
(771
E78]
791

NAS NSRS

N BAS

Ip: +(((TR+R)2(NPAG) §(TC+C)2NCOL))/END
C<NUP§ Ech+Cg<NCOL g

R<NUP)A((TR+R )<NPAGC

RUN
SK

é /LO0P2
END:>(ANS='Y')/SKIP1
ARY?2
SK
ER

ML LA A A

E

STC+C ;<NCOL g/LOOPB

TR+R)<NPAG)/LOQPY

'80 YOU WANT TO LOOK AT ANOTHER VARIABLE?!
0

+0
0P5 (MORE' 'Yr)

. FUNTION GRAPHER
(03] GDRI.{IPHE'RR,Ggi sGR23;GR3;ANS3:;YS5;Y1:;X1;X3;Y;ANS3;PRCD;

ELL 150 Ivor MOVE OR ERASE ; GRAFSTAT FUNCTION HEADER
ana CRAFSTAT WILL NOT ADD A LINE T0 THIS FUNCTION
%ﬁﬁ%&?TTHISHEADER

P aard

(LP2 LP3,LP4)[DIM]
P2 R 'YOUR DATA SET IS NOT A TWO OR THREE DIMENSIONAL

ARRAY
OJAA%?APHER IS BEING TERMINATED. PLEASE REFORMAT YOUR DATA
'REINITIATE GRAPHER'
PuU:NNN GRAPHER3 M

A
>
_)
LP1:>LP2 (DIM>3 )
+
L

s L]

3:
COL«-'IH DATA)

RAIVSFO
R: '50 YOU WANT IO CONTINUE AND PLOT? (ENTERYORN )!

R1z'Y )/0
HA%’ MATRIX POSITION ARE YOU REPRODUCING?!

G
%
'%HA%’ POSITION ON THE SCREEEN? !
A
P

NRNRNNONNNNR R R R R R R = (DN EW N
-Aﬁm'ﬂhzhoho
:n 4o ]

NOMEWNRPOOVONIOFEWNDR

»
YT YTy Y M ity
[ W TSN S TS T | W U | N TS | W W | W T W - -}

) PRR
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(ANS3=2'Y')/L1
EGRFRS<-'QL¥ X’S‘Y YS®0 1919 . 9SPARSPARNNNL(GR2[2]):1%®

81
o s

] GRFRS*‘GRFRS 'SGR3VLIND1 11910110 0!
] N GRFRS

3

]

E RN M A e

A-SPA-
{3u] GIII?IENR<-§18FR, '"YNNNT(GR2[2]);IVNNNL(GR2[1]);1¥GR3®

¥111%1011 00"
E i] fél ¢RUN GRFR

-~

oy "._'; !

FUNTION GRAPHER3

% NNN GRAPHER3 M

aan DO NOT MOVE OR ERASE ; GRAFSTAT FUNCTION HEADER
ann GRAFSTAT NILL NOT ADD A LINE TO THIS FUNCTION
WITHOUT THIS HEADER

Ta<Y
COL+Ri+(DATA)

IT
RANSFOR
i '80 YOU WANT TO CONTINUE AND PLOT? (ENTERYORN )!
-
GR1z'Y')/
WIQJAIZ]’ MATRIX POSITION ARE YOU REPRODUCING?!
<
INITS
WHA%’ PNSITION ON THE SCREEEN?!

iy

A AN

~ANNN =0 -~y
iy o
Dy
4
-w

ANS3z2'Y')/L1

RFRS<-'91+ X’S‘Y YSVO 191% . PSPAVSPARNNNL (GR2[2] )31
¥NNNL(GR2[ 31!

GRFRS*GRFRS '"YGR3VLINVLINY1 119101100

RUN GRFRS

R

L1 GRFRe'anDATA[ (GR2(2])IWDATA(;(GR2[1])1%.¥1
¥ oBSPARSP AR !

GRFR<GRFR NNN[(GR2[2]) J9NNNC(GR2[1]);1¥CGR3WLIN
¥LINV1 11910

RUN GRFR

RR

D

LYY

P Ll S
[am T DO e O o s ' (e I e "t e o (o (oo " ' ' i T e o T e NN B ' | e |
NN N NNONR RPRPRRPRRREPRRREBOONONEW NDRO

OME W PPROW ONOUIEWONRQOUIILILILILL L L
(WA ' u;uu [ T T S T 4'0&%&422

FUNTION PLOTQUERY

PLOTQUERY

Do YOU WANT A PLOT OF YOUR LOWESS SMOQTHED CURVE?!
YE'S NO) ..... ENTERNO IF NOT USING GRAFSTAT!

(
T«
E'ND PTz'Y1)
INPUT X AXIS LABEL!
I

Y

‘;,',_,- P

XIS<h)
NPUT Y AXIS LABEL!
AXIS<D
PL1 (ROBz'Y!')
PHDR<'ROBUST LOWESS SMOOTHING ;
?ﬁﬂ{f§9”2§1911 s YSW0 1V1¥. *+vAo®AW§spAVPHDvaaxrsv
RPLT<RPLT,'LINYLIN%111%0100"
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o

RS
N
v, [15] BUN RPLT
- 161 71
{. El?% PL?2
" 187 PL1:PHDR<!NON-ROBUST LOWESS SMOOT%
[19] N}?‘f}?fg’g;&?xr@!l : YSY0 1V1W ., x+ VA0® ChivpnpBixaxIse
e [20] NERPLT<NRPLT,'LIN®LIN¥111%01 00"
[217 RUN NRPLT
R [22] VIEW
Ny (231 P12+ D0 YOU HANT A PLOT OF IRE’SIDUALSI VS X7
3 (241 % (VES ORNO)'"
29 {25] QS5+« 1+E]
[26] END (QS5='Y')
o [27] DO YOU ANT THIS PLOT SMOOTHED? !
EN [28] '(YE'S ORNO)!
N [29] Q56140
N [30] SBEsIDe | RESIDUALS | "
[31] PL3 (Q9S6='Y1)
o [32] X LoWSC|RESY)
A (337 SRESPLIT+<inn1%X¥(|RESY);YSWO -
191%, x+ VAo®AVVSPAVSPANXAX I SRXRESID® !
[34] SRESPLT<SRESPLT, ' 229LINWLIN®1 1 1%0 1 0 0!
h [35] RUN SRESDLT
(36] PAUSE
N (371 END
g2 (381 PL3:RESPLT<" an1PX% ( | RESY YPOV1W . x+ VAo@AYPSPARSPARXAXISY
L
5 [39] RESPLT<RESPLT, '22%LINVLIN®1 1 150 1 0 0%’
(407 RUN RESPLT
- fu1] PAUSE
[u2] END:
e
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APPENDIX B
SAMPLE PROGRAM EXECUTION

I‘.lsl\l‘.lhl‘l‘.

1. BOXPLOTTED TABLES
This program, as mentioned in Chapter 111 is executed by typing BOXPLOTAB,

)‘.:“\l"n\"".

and answering the quecries as follows :
BOXPLOTAB .
§§‘slv’OUR DATA SET LOCATED IN THIS WORKSPACE? (YES/NO)
ENTER THE NAME OF YOUR DATA SET
o STOCK

ENTER THE SCREEN LABEL
ACTIVE STOCKS FOR THE WEEK ENDED AUG. 8, 1386

DQ YOU HAVE A (NCOLx20 CHARS) MATRIX WITH THE NAMES OF
- COLUNNS Y/N?

AR

E'NTE’R THE NAME OF THE MATRIX
) STOCKC

DQ YOU HAVE A (NROWx15 CHARS) MATRIX WITH THE NAMES OF
gggs Y/N?

*

55458

ENTER THE NAME OF THE ATRIX
| STOCKR
DAY YOU WANT THE DATA ORDERED BY THE FIRST COLUMN ? Y/N

I.‘l.l

Sé’f?gEz"IGJ)IS POINT THE BOXPLOTTED TABLES ARE DISPLAYED ON THE

ENTER Q TO QUIT

ENTER E TO ERASE AND CONTINUE

ENTER C TO COPY AND CONTINUE

ENTER CE TO COPY , ERASE AND CONTINUE
CERESSENTERONLYTOCUNTINU

gggIOZL’]IAOI%NT TO JOINWITH LINES DATA POINTS OF THE SAME

YES

SIYTER THE POSITION OF THE DATA POINT (ENTER 0 TO FINISH)
1

EQITER THE POSITION OF THE DATA POINT (ENTER O TO FINISH)
0

1% S AANSN N NS
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ENTER g TO QUIT

ENTER E TQ ERASE AND CONTINUE

ENTER C TO COPY AND CONTINUE

! ENTER CE TO COPY, ERASE AND CONTINUE
SRESSENTERONLYTOCUNTINUE

LaAL G

s A A

' 2.  STARP PLOTS
This program, as mentioned in Chapter III is executed by typing STARPLOT,

and answering the queries as follows :

STARPLOT
TYPE (S) FOR STAR PLOT OR (P) FOR PROFILE PLOT
S

fEST.SXOUR DATA SET LOCATED IN THIS WORKSPACE? (YES/NQO)

L

PR

lE':l'NTE'R THE NAME OF YOUR DATA SET
) AUTOS

gg’SYOU HAVE A (NROWx20 CHARS ) ARRAY WITH NAMES OF ROWS Y/N?

» Pt

ENTER THE NAME OF THE MATRIX OF NAMES
) AUTOSR

DO YOU HAVE A (NCOLx20 CHARS) MATRIX WITH THE NAMES OF
gOLUMIVS Y/N?

- e

a2 oa 4 A

ENTER THE MATRIX WITH THE NAMES
) AUTOSC
DO YOU WANT ALL COLUMNS OF YOUR MATRIX OR SELECTED COL.
ALL/SEL?
SEL
'l:'Il'NTE’R AS A VECTOR THE SELECTED COLUMNS
) 112
DO YOU WANT ALL THE ROWS OF YOUR MATRIX OR SELECTED ROWS
é%%L/SEL)

_: HOW MANY VARIABLES DO YOU WANT TO HAVE TRANSFORMED ?
: gYPE 0 IF YOU WANT NONE

0
}[Z']NTE‘R NUMBER OF PLOTS PER SCREEN (34 0R5)
) 5
(AT THIS POINT THE STAR PLOT IS SHOWN ON THE SCREEN)

a4

"N N B
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ENTER Q TO QUIT
ENTER E TO ERASE AND CONTINUE

ENTER C 7O COPY AND CONTINUE

ENTER CE TO COPY , ERASE AND CONTINUE
PRESS ENTER ONLY TO CONTINUE

\.'.k‘.'.!-'-"

. CE

-

. 3. PROFILE PLOTS

This program, as mentioned in Chapter I1I is executed by typing STARPLOT,

- and answering the queries as follows :

- STARPLOT
:Z:j TYPE (S) FOR STAR PLOT OR (P) FOR PROFILE PLOT

] P
\ §gsl’OUR DATA SET LOCATED IN THIS WORKSPACE? (YES/NO)

» ENTER THE NAME OF YOUR DATA SET
. ) AUTOS
D9 YOU HAVE 2 (NROWx20 CHARS) ARRAY WITH NAMES OF ROWS Y/N?

- ENTER THE NAME OF THE HATRIX OF NAMES

- o AUTOSR

- J DO YOU HAVE A (NCOLx20 CHARS) MATRIX WITH THE NAMES OF
COLUMNS Y/N?

ENTER THE MATRIX WITH THE NAMES

o AUTO0SC

Do 3 /OSU WANT ALL COLUMNS OF YOUR MATRIX OR SELECTED COL.

b e N

EIYTE’R AS A VECTOR THE SELECTED COLUMNS
) 112

YLO/USEE,,’%A;T ALL THE ROWS OF YOUR MATRIX OR SELECTED ROWS

]

A

L
L
W MANY VARTABLES DO YOU WANT TO HAVE TRANSFORMED ?
PE O IF YOU WANT NONE

2 0

ENTER NUMBER OF PLOTS PER SCREEN (34 0RS5)
. 5 ‘
X -. ) (AT THIS POINT THE STAR PLOT IS SHOWN ON THE SCREEN )

ENTERQTOQUIT
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....................
.................................
o i S i e e o e I L

ENTER E TO ERASE AND CONTINUE’

ENTER CTO COPY AND CONTIN

ENTER CE TO COPY, ERASE AND CONTINUE’
PRESS ENTER ONLY TO CONTINUE

e
PV AN

CE
s
2
g 4. CODED SCATTER PLOTS
" This program, as mentioned in Chapter 111 is executed by typing SCATPLOT,
- and answering the queries as follows :
o SCATPLOT
N §§5YOUR DATA SET LOCATED IN THIS WORKSPACE? (YES/NO)
Ny _
] ENTER THE NAME OF YOUR DATA SET
- ) AUTOS
FROM NOW ON YOUR DATA SET WILL BE CALLED DATA (IN THIS PROGRAMN)
- ENTER THE SCREEN HEADER
% AUTOMOBILE DATA; PRICEVSM.P.G. CITY
ENTER THE PLOT READER
- USA =4, FOREIGN = F AND WEIGHT = SIZE OF LETTER
- ENTER THE COLUMN NUMBER FOR THE VARIABLE ON THE X-AXIS
! ENTER THE LABEL FOR THE X AXIS
PRICE
:f:: ggLYOU WANT ALL THE VALUES OF X OR JUST A SUBSAMPLE OF IT (ALL/SUB)
]
N IE']'NTE'R THE COLUMN NUMBER FOR THE VARIABLE ON THE Y-AXIS
“ ' 2
>
ENTER THE LABE’L FORTHE Y AXIS
M.P.G.CIT
. EgLYOU WANT ALL THE VALUES OF Y OR JUST A SUBSAMPLE OF IT (ALL/SUB) !
HOW MANY VARIABLES DQ YOU DESIRE JITTERED?
TYPE O IF YOU WANT NONE
" B
. HOW MANY VARIABLES DO YOU WANT TO HAVE TRANSFORMED ?
N SYPE 0 IF YOU WANT NONE
y S0
N ENTE’RTHE’POSITIONFORTHE’PLOT E.¢.1 21 22.,..
~ : :
N 1
: 111211111111121111131113111111111
ENTER IN AN APL EXPRESSION FORTHIS CATEGORY
o 66




.................

VECTOR
$381<2500)
R ,NUMBER OR SPECIAL CHARACTER)

';ju
oy
ee]
Q>
[ PO
[
=
L]
[
txy
M3
N
ty

g‘%gg}? THE COLOR (WHITE ,GREEN ,BLUE ,TURQUOISE ,RED ,YELLOW OR PINK
g’NTE’R THE SIZE , AS A NUMBER BETWEEN 1 (SMALL) AND 12 (BIG)

ENTER A LABEL (DESCRIPTION) FOR THIS CATEGORY (MAX 25 CHARS.)
USA £ 2500 L3B.

gggOU WANT ANOTHER CATEGORY (YES/NO)

222222222
ENTER IN

I.E. (DA
USE DATA AS
= (DATA[:13]
N ENTE’R THE S

23

=1)A(( A 00))
YMBOL (ANY LETTER ,NUMBER OR SPECIAL CHARACTER)

RIS

g%gH THE COLOR (WHITE ,GREEN ,BLUE ,TURQUOISE ,RED,YELLOW OR PINK
gNTER THE SIZE , AS A NUMBER BETWEEN 1 (SMALL) AND 12 (BIG)
ENTER A LABEL (DESCRIPTION) FOR THIS CATEGORY (MAX 25 CHARS. )

2500 < USA £3000 LE.
gggOU WANT ANOTHER CATEGORY (YES/NO)

:J‘l).‘)/-'

Y
L}

Eu
=y
[v]
Q
S~
f'\’\
e
=
<
t~
1
3
e
oV
=
(e
=
[vs]
I
oV
Oy
o
7))
s
=]
Q
~
e
t
Qo
O
j N
fo s NIV

ACTER)

Sy
sy~ SN w

g%gE'R THE COLOR (WHITE ,GREEN ,BLUE ,TURQUOISE ,RED ,YELLOW OR PINK

Pl B et B

g’NTER THE SIZE , AS A NUMBER BETWEEN 1 (SMALL) AND 12 (BIG)

ENTER A LABEL (DESCRIPTION) FORTHIS CATEGORY (MAX 25 CHARS.)
3000 <USA <£3500LB.

gglgOU WANT ANOTHER CATEGORY (YES/NO)

yuuyyuyyyyyuy

RESSION FORTHIS CATEGORY
A(DATA[;81=5)

OF YOUR VECTOR

=1)A( (;81>3500)

YMBOL (ANY LETTER ,NUMBER OR SPECIAL CHARACTER)

g%gER THE COLOR (WHITE ,GREEN ,BLUE ,TURQUOISE ,RED,YELLOW OR PINK
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g’NTE'R THE SIZE , AS A NUMBER BETWEEN 1 (SMALL ) AND 12 (BIG)

ENTER A LABEL (DESCRIPTION) FORTHIS CATEGORY (MAX 25 CHARS.)
US4 > 3500 LB,

Iz)’g SYOU WANT ANOTHER CATEGORY (YES/NOQO)

o)
L
A
N

g%gE’R THE COLOR (WHITE ,GREEN ,BLUE ,TURQUOISE ,RED ,YELLOW OR PINK
g‘NTER THE SIZE , AS A NUMBER BETWEEN 1 (SMALL ) AND 12 (BIG)
ENTER A LABEL (DESCRIPTION) FOR THIS CATEGORY (MAX 25 CHARS.)

FOREIGN < 2500 LB.
ggSYOU WANT ANOTHER CATEGORY (YES/NQ)

(DA A A 00))

gNTER THE SYMBOL (ANY LETTER ,NUMBER OR SPECIAL CHARACTER)

E%ER THE COLOR (WHITE ,GREEN ,BLUE ,TURQUOISE ,RED ,YELLOW OR PINK
}gNTER THE SIZE , AS A NUMBER BETWEEN 1 (SMALL) AND 12 (BIG) -
ENTER A LABEL (DESCRIPTION) FOR THIS CATEGORY (MAX 25 CHARS.)
2500 < FOREI. £ 3000 LB.

% YOU WANT ANOTHER CATEGORY (YES/NO)

z1 (D A : 00))

YMBOL (ANY LETTER ,NUMBER OR SPECIAL CHARACTER)

g%m THE COLOR (WHITE ,GREEN ,BLUE ,TURQUOISE ,RED ,YELLOW OR PINK
%’NTER THE SIZE , AS A NUMBER BETWEEN 1 (SMALL) AND 12 (BIG)

ENTER A LABEL (DESCRIPTION) FOR THIS CATEGORY (MAX 25 CHARS.)
3000 < FOREI. < 35001LB,

1[318 YOU WANT ANOTHER CATEGORY (YES/NQ)
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5. CODED DRAFTSMAN PLOTS
This program, as mentioned in Chapter III is executed by typing
DRAFTSMAY, and answering the queries as follows :

DRAFTSMAN
.{? YOUR 1?751)1‘4 SET LOCATED IN THIS WORKSPACE?

ENTE'R THE NAME OF YOUR DATA SET
) AUTOS

- DO YOU WANT ALL OF THIS DATA OR JUST A SUBSAMPLE OF IT
EELPRESENTED IN THE DRAFTSMAN DISPLAY? ENTER (ALL OR UB)

DO YOQU HAVE & THQ DIMENSIONAL ARRAY OF NAMES FOR THE DATA 1
- WHICH IS TO BE DISPLAYED? NOTE: THESE NAMES ARE THE NAMES |
OF THE VARTABLES REPRSENTED BY THE COLUMNS OF YOUR DATA SET. §

. (YES OR NO) ;
N YES I
= WHAT IS THE NAME OF YOUR ARRAY OF VARIABLE NAMES? !
| AUTOSC
% . HOW MANY VARIABLES DO YOU DESIRE JITTERED?

%’YPE’ 0 IF YOU WANT NONE
) 0

HOW MANY VARIABLES DO YOU WANT IO HAVE TRANSFORMED ?
gYPE 0 IF YOUWANT NONE

0

DO YQUWANT TO DO WANT TO FIT A SMOOTHED CURVE
‘ gg ALL DRAFTAMAN PLOTS? ...(YESORNO)

L

DOSYOU WANT A SYMBOLIC DRAFTSMAN (YES/NO)

A ENTER AS A VECTQR THE VARIABLES (COLUMNS ) THAT YOU WHISH TO HAVE
. IN THE X AND Y AXIS (THE FIRST AND SECOND DIMENSION FOR THE PLOT)

11182

< NEXT, YOU HAVE TO ENTER APL EXPRESSION FOR EACH CATEGORY (CODE)
N USE XX AS THE NAME OF YOUR AR RAY
I.E. (XX[:I1>100)A(XX[:J1=400)

WHERE I AND 7 REPRESENT COLUMN IVUMBERS BETWEEN 1 AND u

BE CAREFULLY NOT TO OVERLAP VALUES

g . WHEN THE PROGRAM ASK FOR SYMBOLS TYPE AN .Y (o ) CHARACTER
3 FOR COLORS TYPE THE NAME OF THE COLOR I .E. B R RED
. WITH SIZES 1 REPRESENT SMALL AND 12 BIC

J g)lgl['ER T]HE' APL EXPRESSION FOR THE CATEGORY (CODE) NUMBER 1
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}EI'NTER THE SYMBOL

ot
RNy

A

o

3]

”J

P d

ENTER THE COLOR
RED

7
e

E’NTER THE SIZE

i

KREAE

ey

ggSYOU WHISH ANOTHER CATEGORY (YES/NO)

EAXH[,E?I?JHxElAPL EXPRESSION FOR THE CATEGORY (CODE ) NUMBER 2

_'.j-' gNTE’R THE SYMBOL

o
N N

Sel ENTER THE COLOR
RED
-5 ENTER THE SIZE
1%8 YOU WHISH ANOTHER CATEGORY (YES/NO)

YOU HAVE NOW 4 BASIC VARIABLES TO PLOT
SNTER NUMBER OF PLOTS PER SCREEN (34 0R5)

u

'-:.‘ DO YOU WANT TO FIT A SMOQTHED CURVE
: I?llg SELECTED PLOTS? ...(YESORNO)

(AT THIS POINT THE CODED DRAFTSMAN PLOT IS SHOWN ON THE SCREEN)

ENTER Q TO QUIT
: ENTER E TO ERASE AND CONTINUE
, ENTER C TO COPY AND CONTINUE
ENTER CE TO COPY , ERASE AND CONTINUE
zcngss ENTER ONLY TO CONTINUE

SO0

.".5-‘-' b FJJ

L]
’
s

;o (' 27

70




s | APPENDIX C
A STAR PLOTS OF AUTOMOBILE DATA
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